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TELEGRAM-FORM CONVEYING 
SYSTEMS ; GENERAL 
POST OFFICE—I. 


THE account of some of the mechanical equip- 
ment of the General Post Office given in ENGINEER- 
ING, vol. 146, page 353, et seg., did not set out to do 
more than cover the conveying and mechanical 
sorting appliances of the Mount Pleasant Letter 
and Parcels Sorting Offices at Clerkenwell, London. 
Apart from other installations of the same general 
types, some of considerable magnitude, in provinical 
post offices, a large. amount of mechanism is 
employed for different purposes in other departments, 
both in London and elsewhere. One such depart- 
ment is the Central Telegraph Office, St. Martin’s- 
le-Grand, London. Probably few people realise 
the scale of the operations carried on in this 
building, but, when it is stated that something 
like 3,000 individuals are accommodated on_ the 
four floors and basement of which it consists, it 
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| Central Telegraph Office from the London Telephone 
Area only during the day and from an extended 
,area at night. In passing, it may be said that the 
average time taken between the receipt of a phono- 
gram and its re-transmission in the office is approxi- 
mately 4 minutes. 

Another class of message, known as the telephone- 
telegram, is that in which the messages are received 
in written form over the counter of small post 
offices and are telephoned from there. This does 
not involve transmission of the original form, but 
the telephone-telegrams received at the Central 
Telegraph Office have to be typed on forms for 
internal circulation in the same way as have the 
phonograms. There are, however, a certain number 
of branch offices connected to the Central Office on 
a special circuit and having instruments which 
automatically translate into printed script the 
signals sent. These instruments, known as tele- 
printers, make use of a narrow strip of gummed 
paper to receive the message, this strip being cut 
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may be 
appliances were employed it would be impossible, 
economically at least, to distribute and collect the 
material which most of these individuals have to 
handle. For example, on one floor alone, viz., 
that on which messages forming telegrams tele- 
phoned directly by subscribers are dealt with, any- 
thing from 22,000 messages to 23,000 messages 


are handled a day, while a peak figure of 40,000 | 


messages a day is reached at certain seasons. 
The above reference to the directly-telephoned 


telegram naturally calls for some comment on the | 


methods by which the other classes of telegram 
are transmitted to and from the Central Telegraph 
Office, while, apart from this, the general methods 
of distribution and collection in the office itself 
may be briefly discussed-before details of the several 
mechanisms are described. The directly-telephoned 
telegram is known in the office as a phonogram. 
The subscriber, on signifying his intention to his local 
telephone exchange of dictating a telegram, is there- 
upon directly connected with the Central Telegraph 
Office. Here an operator takes down the dictated 
message on a typewriter and verifies its correctness 
by reading it over to the subscriber. The message 
is typed directly on to a telegram form. For this 
purpose the forms are made up in a roll for use in the 
typewriter. The typewritten message has to be 
collected and distributed to another operator for 
transmission either directly or via other offices to the 
telegraph office appropriate to the address given. 
This distribution involves movement of the telegram 
form within the office at which the message is received 
over the telephone. Phonograms are received at the 


rightly inferred that unless mechanical | 
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up as required and stuck on to the forms. As the 
gummed paper is carried on the machines in large 
reels, this method eliminates the delay which would 
oecur if the forms themselves had to be inserted to 
receive the message. The transmission of a message 
by the Morse code, the tapping out of which was 
formerly a familiar sound in the small branch 
office, is now no longer practised, in the London 
area at all events, though a modification of Morse 
signalling is employed on the several varieties of 
| tape machine used in the office handling radio work. 
The larger branch offices within the inner London 
| area do not transmit telegrams by telephone since 
| they are linked up to the Central Telegraph Office by 
|underground pneumatic tubes, the form itself, as 
|received at the counter, after stamping and so 
| forth, being dispatched in a carrier directly to the 
| Central Office. The London pneumatic tube 
|system may be here briefly described, a more 
| detailed account being giyen later. There are, 
| altogether, 81 miles of pneumatic tube in this area, 
individual tubes varying in length from a minimum 
| of 300 yards to a maximum of 2 miles 500 yards. 
| These are the figures for continuous tubes, some 
|of the interrupted carrier journeys being of still 
| greater aggregate length than the maximum just 
|cited. The interruption is that the carrier is 
| transferred from one tube to another at a sub- 
station. The greater part of the tubes radiate 
from the Central Telegraph Office and vary in 
lay-out according to the amount of traffic they 
have to carry. Thus, some are duplicated; that 
is, there are separate tubes for incoming and 
outgoing messages. Others consist of single tubes 





| 
| but are capable of dealing with both incoming 


}and outgoing messages by the use of air pressure 
in one direction and vacuum in the other. Another 
| type consists of single tubes which are used in 
one direction only, thus, the tube from a particular 
| Office may be required to carry incoming messages 
|alone, while that to another branch office may 
have to deal with outgoing messages only, there 
being no inward traffic. 

In addition to the tubes mentioned above, there 
runs from the Central Telegraph Office a pair of 
trunk tubes to a substation situated in one of the 
Government buildings in Whitehall, but not forming 
part of the organisation of that building. These 
trunk tubes can carry traffic both ways between the 
Central Office and the substation and from the 
latter radiate a number of tubes to such points as 
can be more conveniently reached from it than 
from St. Martin’s-le-Grand. Certain of the tubes 
radiating from the latter office and from some 
substations are connected, not to post offices, but 
to buildings in which a large volume of telegram 
traffic is handled, such as newspaper offices, the 
offices of cable companies and so forth, a semi- 
private arrangement of this kind preventing con- 
gestion of the post offices contiguous to the buildings 
in which the offices are situated, as well as enabling 
messages to be sent or received at any hour. These 
private tubes are on the General Post Office pneu- 
matic system and are maintained by the Post Office 
engineers, but operation at the offices of the 
| organisations concerned, i.e., the dispatch and 
| receipt of the carriers, is entrusted to the employees. 
| What has to be actually handled in the Central 
Telegraph Office, therefore, are telegram forms 
coming into it, forms originating in it, and forms 
leaving it. This handling is effected partly by 
belt conveycrs of unusual type, partly by pneumatic 
tubes within the office, and, to a much lesser extent, 
manually. It is the purpose of this article to explain 
some of the typical handling mechanisms rather than 
to describe the arrangement and working of the 
whole vast organisation, a great part of which, such 
as the operation and construction of the telegraph 
instruments and the minutize of procedure not being 
regarded as lying within our province on this 
occasion. Only incidentally, therefore, will normal 
routine be touched upon. Dealing with the belt- 
conveying systems first, it should be understood 
at the outset that the telegram forms have to take 
different routes, sometimes long and devious. 
They have to go up and down drom floor to floor, 
to move at different levels on the same floor, and 
to pass round corners and obstructions, and all this 
with the minimum expenditure of time. A little 
consideration will show that transport by the 
ordinary flat belt, or even by a troughed belt- 
conveyor, is impracticable under such conditions. 
Moreover, as the telegram forms are light, their 
weight would not hold them down on the belt 
against the air currents produced when the belt 
was travelling at any useful speed. The transfer 
of a form from one belt to another running at right 
angles to it would present great difficulties, as also 
would the discharge of a series of forms at different 
points of the same belt. The ordinary flat belt 
conveyor, then, has a very limited use in the Central 
Telegraph Office, and, when it is employed, its run 
is straight and level and its speed is slow. 

The solution which first suggests itself is some 
kind of conveyor with clips or fingers, which would 
grip the telegram form. This, however, is not 
sufficiently continuous in operation and presents 
certain other disadvantages. One method which has 
been evolved in lieu of it is at once simpler, more 
rapid in action and more efficient. It consists of a 
narrow belt running over a smooth metallic surface, 
the telegram form being placed between the belt 
and this supporting surface. The surface is so 
smooth as to offer only negligible friction and the 
form is carried along by the friction between it and 
the overlying belt. This method, it is understood, 
was first used in France for transporting telephone 
tickets and was developed later in the United States 
for telegram forms. Further improvement was 
effected by the British Post Office engineers, and 
the drag-band conveyor, as it is called, is employed 
to a considerable extent in the Central Telegraph 
Office and in some of the larger provincial offices. 
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The drag-band conveyor has, however, a serious 
limitation in that the telegram forms cannot readily 
be discharged from it automatically at any inter- 
mediate point, but only at its termination. It is, 
therefore, principally used to transfer the forms 
between two specific points. 
conveyor a manually-operated intermediate dis- 
charge point has been installed. As the forms have 
to undergo a sorting process at some stage of their 
handling, some means had to be found by which 
the various selections could be sent to different 
destinations. This more flexible conveying system 


has been wholly developed over here by the 


engineers of the General Post Office, and consists of 


a number of flat belts all in contact with one another 
and all travelling at the same speed in the same direc- 
tion. The telegram forms lie between the belts, 
sandwich fashion. The number of belts varies with 
the degree of selection required. In certain cases, 
for instance, there are as many as seven belts 
carrying six selections. The belts are separated 
along the sorting table to admit of the insertion 
of the forms and are not carried on idlers but run 
over continuous horizontal surfaces. The forms 
are placed on the several belts as required by the 
selection and all are carried to the end of the table, 
at which point they are caused to converge and 
are led round a common pulley as a single belt, 
consisting of, perhaps, six strands with five layers 
of interleaved telegram forms. This six-strand 
belt may be then led to the required area and the 
strands are separated one by one so that the forms 
are released at five different points of the area. 
This form of conveyor is known as the multiple 
band conveyor. 

Another form of belt the 
Central Telegraph Office is an adaptation of one 
originally developed in the United States. It 
known the Vee-conveyor and of a 
narrow flat belt conveyor running at the bottom 
of a trough having very steeply inclined sides and, 
therefore, resembling in cross section the letter V 
with a very acute angle. The telegram forms are 
loaded into the trough vertically and travel standing 
on one edge on the belt and with one face lying 
against one or other of the sides of the trough. The 
belts can run at a high speed for, although the 
contact surface between the form and the belt is 
only equal in width to the thickness of the paper, 
the friction between the two is great enough to 
drag the form along. The walls of the trough, 
which are of metal, are very smooth and there is 
no disturbing air current such as would exist were 
the form lying flat on a wide belt running at a 
high speed. The Vee-conveyor is used for one-way 
traffic only, as also is the flat multiple-band con- 
veyor. The drag-band conveyor, however, is used 
in some cases for traffic in both directions as the 
return strand can be readily utilised. 


conveyor used in 
is 


as consists 


The most extensive conveying systems employing 
all three forms of belt conveyor are those situated 
in the Inland Telegram Section, which is housed 
in a large room, H-shaped in plan, on the third 
floor of the Central Telegraph Office. In _ this 
room, the messages are received by teleprinter from 
telegraph offices all over the country and by pneu- 
matic tube from large ‘London branch offices and 
private stations. Phonogram messages direct from 
subscribers in the London Telephone Area are 
received on the floor above, as also are the tele- 
phone telegrams, but both classes have to come 
to the Inland Telegram Section for sorting, and, 
it may be, have to be returned to the floor above 
for dispatch. All phonograms and telephoned tele- 
grams, it will be remembered, are typed on forms. 
lhese are not unlike the forms filled in and handed 
across a post office counter by the general public ; 
these latter forms, however, actually reach the 
Inland Telegram Section where there is pneumatic- 
tube connection with the handing-in office. In any 
case, whatever their origin, all telegram forms have 
to be sorted, just as incoming letters have to be, 
before anything further can be done with them. 
The Inland Telegram room contains the pneumatic 
tube terminals, four sorting or circulation tables, 
three of which are normally in use, several addressing 
tables, for outgoing messages, and 51 double-sided 
instrument tables ; normally, it provides working 
accommodation for about 600 officials, operators and 


In one drag-band | 
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Fie. 11. CIRCULATION 
messengers. The conveying systems enable this 
large number of persons to perform their duties 
smoothly and expeditiously. 

Neglecting, for the moment, the pneumatic-tube 
equipment, the main sorting table, which is called 
the primary circulation table, may first be consi- 
dered. Two views of it are given in Figs. 1 and 2, 
on Plate X XI, the first being a view of the sorting 
side and the second a view of the marking side. 
It will be described more fully later, but its purpose 
which may be briefly mentioned here, is that of 
providing means for the classification of all incoming 
messages into the districts indicated by their 
addresses, the instruments being grouped to corres- 
pond with these districts. Classification having been 
effected, some of the forms may have to go to the 
phonogram room for dispatch, some to the pneu- 
matic tube installation, and so forth, but the majo- 
rity have to be distributed in the Inland Telegram 
room itself. These latter forms first go from the 
primary circulation table to one of two secondary 
sorting tables which serve the two sections into which 
the room is divided. One of these tables, known as 
the north main circulation table, is shown in Fig. 3, 
Plate XXI; the table seen in Fig. 4, on the same 
Plate, is in a room on the floor above. The other 
main circulation table in the Inland Telegram room 
is similar to that shown in Fig. 3 and deals with the 
traffic to the south part of the room. The instru- 
ment tables are arranged in parallel rows and the 
operators are seated along each side facing one 
another. Each operator has a separate instrument, 
which serves for both receiving and dispatching, 
though in cases where the traffic is normally heavy, 
as for Glasgow, Manchester, etc., there may be 
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five or more operators, each with individual instru- 
ments, allocated to that area. The work the 
; conveying systems are called upon to perform is, 
| perhaps, best indicated by an example. An 
| operator may receive a message by teleprinter from, 
say, the Brighton Post Office, the message being 
| addressed to York. The form on which it has been 
| gummed has first to go to the primary circulation 
| table, thence to one or other of the main circulation 
tables, from which it is sent to the instrument on 
the circuit allotted to the York Post Office. 

| Delivery of incoming messages to the primary 
| circulation table will be considered later, an account 
of the conveyors on the table being given first. 
The table has 16 working positions on each side 
and telegram forms delivered on to it are classified 
for dispatch to one of the four main sections into 
which the country is, telegraphically, divided, 
the London area making a fifth selection. Further 
classification of the two main sections is made 
on the main circulation tables. The telegram 
forms are delivered to the table by drag-band 
conveyors at a point above each end of the sorting 
side of the table, as shown in Fig. 1. They come 
fluttering down on to a small collecting table, 
their descent being controlled by a screen of light 
chains. This arrangement is adopted in preference 
to a solid chute in order that the descent is visible 
and any form which may tend to stick can be shaken 
free. In some of the later installations, however, 
a cheaper and more efficient form of screen of 
wire mesh is used. Junior operators at each of 
the collecting tables transfer the forms to a slow- 
| moving belt tush with the surface of the table, which 
| belt can be identified by the forms spaced along it 
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in Fig. 1. There are two of these belts in line along | in Fig. 7, on to the instrument table along which 
the length of the table, travelling towards each| they are distributed by hand to the operators 
other from the collecting tables. The delivery ends | concerned. When the messages on the forms have 
of these belts are situated over a.dump at the centre. | been dispatched, the forms themselves are placed 
At times of pressure when the operators cannot deal|in baskets which are collected at intervals for 
with all the telegrams passing on the belts, the| manual conveyance to the filing rooms. From the 
overflow is deposited in the dump and removed by| discharge point ii above table h only five belts, 
hand for sorting. | viz., b, c, d, e and f go on in a combined form to the 
Telegrams are sorted by the operators as they | next instrument table. Here belt b is “ peeled off ” 
pass before them on the slow-moving belts. The | 4nd this separation, with its accompanying discharge 
structure seen running down the centre of the | of forms, is repeated at each table until the last one, 
table in both Figs. 1 and 2 houses a multiple-band | Seen at the extreme right of Figs. 6 and 9, is reached, 
conveyor, which in this case consists of five flat, the combined belt to this point consisting only of 
belts arranged one above the other, access to the | belts e and f. 
belts being obtained through the openings seen| At the last discharge point, belt f is returned 
between the indicator boards. Two of the belts | after passing round an automatic tensioning pulley, 
deliver, respectively, to the south main circulation | to the sorting table, this return strand being indi- 
table in the Inland Telegram room and to the | cated by f’. The return strands of the other belts 
typewriter telephone telegram section on the floor | are similarly lettered, i.e., as a’, b’, etc., and their 
above. The other three belts serve, respectively, | courses’ can be readily followed in Fig. 6. The first 
the north circulation table and the addressing | three belts are gathered together between table h 
table, one belt being left spare for future develop-| and the sorting table, but the return strand d’ is 
ment. The marking side of the primary cireulation | deflected between these two points to make contact 
table, shown in Fig. 2, is provided with a Vee-| with the return strand e’, which strand takes a 
conveyor in front of the operators, which conveyor | wholly different course from that of the others as it 
delivers the forms to a drag-band conveyor, this, | is made to serve as a conveyor. It is first led down- 
in turn, delivering them to a sub-sorting instru-| wards at the final discharge point and then hori- 








ment table reserved for London traffic only. The | 
telegrams are sorted and placed on the appropriate 
belt of the multiple-band conveyor or passed across 
the table underneath the multiple-band conveyor 
housing for marking and onward transmission by 
Vee-conveyor, as mentioned above. The belts of 
the multiple-band conveyor converge, as already 
mentioned, so that the forms are held between them, 
though in neither Fig. 1 nor Fig. 2 is this convergence 
visible. The convergence of the belts is, however, 
clearly shown in Figs. 3 and 4, particularly in the 
latter illustration. 

In the view given in Fig. 4, which is of the circu- | 
lation table in the typewriter telephone telegram 
section, it will be observed that the multiple-band 
conveyor has four belts, giving three selections, and 
that all four are led round a single pulley at the 
end of the table. On leaving the pulley, which they 
do as a single belt interleaved with telegram forms, 
the conveyor is first led upwards and then hori- 
zontally, this horizontal portion being the length in 
which the component belts are separated so as to 
discharge the forms at three different points. The 
return strands of the belts, which of course have 
no forms between them, are led back horizontally 
and then downwards in a converging direction, as 
seen at the left of Fig. 4. They pass round a single 
pulley as a single belt, which runs underneath the 
table, to be eventually opened out again when they 
enter the multiple-band housing in front of the 
operators. Incidentally, the pulley system in the 
foreground of Fig. 4 is not a part of the multiple- 
band conveyor, but is the tensioning gear for the 
slow-moving belt which distributes the forms in 
front of the sorters seated at the table. The forms 
are delivered to the belt by gravity, the screened 
discharge seen in the illustration being part of the 
delivery from the multiple-band conveyor of the 
primary circulation table in the room below. The 
slow-moving belt travels from left to right. 

As may be inferred from Figs. 1 to 4, the design 
of the multiple-band conveyor lends itself to con- 
siderable variation so that the general principles of 
construction are, perhaps, most clearly shown in 
the drawings of the typical arrangement illustrated | 
in Figs. 5 to 9, Plate XXI. These views show a| 








zontally below the ends of the instrument tables. A 
Vee-conveyor / running down the centre of each 
table deposits the forms holding incoming messages 
to belt e’. Short lengths of idler belt m, that is, 
belts not positively driven, hold the forms down 
and prevent them from escaping from belt e’. 
These lengths are automatically tensioned, and, as 
will be evident from Fig. 6, do not extend under- 
neath the discharge point of the table Vee-conveyors. 
At the sorting table end of the range, belt e’ is 
carried up an incline and it is during this part that 
belt d’ performs its function of holding down the 
forms. It is usually found possible to dispense with 
the cover belts m and to arrange the incline of e’ 
so that forms are carried to table level without the 
assistance of belt d’, 

At the end of the incline, belts d’ and e’ are 
separated at the pulleys n,n, the forms being dis- 
charged down chute o, Fig. 5, on to a slow- 
moving belt p, which runs along the top of the 
sorting table. This belt is also fed by hand from 
a chute g, and the forms which have not been sorted 
out during their passage along the table are deposited 
in a dump r at the end of the table for further 
attention. The sorting of the forms carried on 
belt p may be either on to any of the multiple belts 
a to e for delivery to the appropriate instrument 
table for dispatch, or they may be deposited in the 
Vee-conveyor *, which runs along the sorting table 
parallel to the slow-moving belt, to be discharged 
by it on to the conveyor belt ¢ for conveyance to 
another part of the room. The five return strands, 
a’ to e’ of the multiple-band conveyor are converged 
on to a large driving pulley as a combined empty 
belt, on leaving which pulley they are diverged and 
pass as separate belts to the end of the table. At 
this point they are led upwards in order that 
weight-loaded tensioning may be employed. The 
tensioning gear is seen at the extreme left of Figs. 
6 and 9, the belts being finally led downwards from 
it and then deflected horizontally into the working 
positions. The same arrangement of tensioning 
gear, identified by its channel-section pulley sup- 
ports, may be made out at the right of Fig. 2. 
The installation shown in Figs. 5 to 9 scarcely calls 
for further comment, but it may be pointed out that 





sorting table with a multiple-band conveyor of five | the small motor to the left of Fig. 6 drives the table 
belts, the actual table being seen to the left of| Vee-conveyor s, while the larger one, on its right 
Figs. 6 and 9, and the distributing arrangements to| hand, drives the multiple-band conveyor and, 
the right of these views. The belts, as separated | through a countershaft, the slow-moving sorting 
for reception of the telegram forms, are indicated | belt as well. It may be noted also that the method 
at a, b, c, d and e in Figs. 6 and 8. A sixth belt f| of discharge by separating the belts of a multiple- 
holds down the forms deposited on belt e, though | band conveyor is not necessarily confined to delivery 
it does not run through the conveyor housing itself. | down chutes, as shown in Fig. 6, but is employed 
The end pulley over which all six belts pass as a| With the screened gravity feeds similar to those 
— single belt is indicated at g. This com-| shown in Figs. 1, 3 and 4. 
7 = contains five layers of interleaved forms) This question of discharge raises a point of con- 
bo 18 led to the first distributing point situated | siderable interest. An electrostatic charge may be 
a -s an instrument table h. It continues as far | present on the faces of the belts, and this, being 
res a ~~ of idlers marked i. At this point the| communicated to the telegram form, may cause 
a m belt a is ‘“ peeled off ” and any forms held| the form to adhere to the belt instead of leaving 
ween belts a and b fall down the chute marked j,| t at such a discharge point as i in Fig. 6. More- 








over, even when the forms are detached from 
the belts, the charge may cause them to stick to 
the sides of the chute or screen for some minutes ; 
hence the employment of the chain and wire-mesh 
screens wherever possible. Any hold-up from this 
cause can be seen at once and the forms released 
by shaking the chains or tapping the wire mesh as 
the case may be. The electrostatic charge is pro- 
duced by the friction between the belts and the 
pulleys over which they pass; possibly to some 
extent by air friction also, but it is no doubt 
mainly due to friction arising from the different 
relative speeds of a multiple-band conveyor. 
Although all the belts are driven by the same 
pulley, it will be clear that the belt in contact 
with the pulley surface moves more slowly than 
that on the outside of the combined belt, since the 
latter is at a larger radius than the former and the 
rotational speed is the same for all the “layers” 
of a combined belt. The intermediate belts have, 
of course, all differing speeds and though the 
difference in linear speed is very small, it is sufficient 
to cause the belts to rub the telegram forms between 
them, with the creation of an electrostatic discharge 
on both belt and form. 

Fortunately for those concerned in the operation 
of the conveying mechanism, in the generally humid 
climate of Great Britain, the charge, though always 
present to some extent, only becomes really trouble- 
some in very dry cold periods, or when new belts 
have been fitted. In order to detect the approach 
of conditions which are likely to give rise to 
trouble, hygrometers and gold-leaf electroscopes 
are employed in close proximity to the moving 
belts, but these instruments are obviously not pre- 
ventives. It need hardly be pointed out that the 
Post Office engineers were well aware of the possi- 
bility of electrostatic charges developing; the 
phenomenon is common in printing works, but it is 
not practicable in the case of long conveying installa- 
tions to install the electrical neutralisers employed 
in such works. Neither are earthing systems of any 
service ; the usual fabric belt is a poor conductor 
and the charge is distributed all over the surface and 
on the surface only. Some measure of improvement 
has been attained by treating the belts with a 
mixture of glycerine and water, but other means 
are also adopted ; thus, in some instances where 
a large part of the belting is housed in glass-fronted 
cases, as seen to the left of Figs. 2 and 3, the air 
is humidified by the evaporation from what amounts 
to a small electrically-heated boiler. 

The problem of the electrostatic charge has 
been investigated from another aspect, viz., the 
effect of it on the different types of paper used 
in the telegram forms. The supplies are not all 
obtained from a single manufacturer and the paper 
varies considerably ; for example, the type of paper, 
such as that used for phonogram forms, which is 
thin and light, is a troublesome one. Generally 
speaking, a matt surface is less difficult to handle 
than a glossy one, which not only takes a higher 
charge but retains it for a longer period. At the 
same time, in some kinds of conveyor the electro- 
static charge is not a drawback but a useful ally, 
since, in these conveyors sudden climatic changes 
affect the belts so that the forms have a tendency 
to fall out during transit. The charge is, therefore, 
not only allowed to remain but its formation is 
definitely encouraged, the resultant inevitable adher- 
ence to one or other of the belts at the point of 
discharge being countered by arranging for a 
sudden sharp bend in the belts. The effect of 
the electrostatic charge is, however, a definite dis- 
advantage in the case of the closed multiple-band 
conveyor. The Post Office engineers are at present 
experimenting with different belts impregnated to 
improve their conductivity while still retaining 
the other desirable characteristic of the original 
belts. The results of the experiments with these 
“non-stat ” belts indicate that definite improve- 
ment is to be obtained by such means. 

Trouble due to draughts caused by the move- 
ment of the belts themselves is guarded against 
by enclosing the belts as far as is practicable. 
Thus, in the multiple-band conveyors of the primary 
and main circulation tables, Figs. 1 to 3, the belts 
are only exposed at intervals for lengths of 12 in., 
the spaces between these apertures being filled in 
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with plate glass, in front of which are the indicator | The loading end of the multiple-band conveyor is| this system is that with a large reduction ratio, 


boards. The belts themselves are 6 in. in width| seen in the left background. On the table in 
and are of a special fabric. They are spaced 1} in.| front of the multiple conveyor is a slow-moving 
apart in the vertical direction. The speed is| belt on which the forms are sorted and behind 
200 ft. per minute. The lengths of the belts vary} this belt is a Vee-conveyor. 
with the situation of the several delivery points,| as they are sorted, are inserted in the openings 
but some idea of what they may amount to may be| to the belts in front of the operator and are then 
gained from the fact that on the primary circulation | delivered to the corresponding instrument table. 
table the longest belt is 485 ft. and the total length! Other forms have a different destination. These 
of the whole assembly is 1,763 ft., these lengths | 
including the return strands. Power is supplied | band conveyor and just below table level, and 
to this table by a 1-5-h.p. motor. The daily} are delivered to the slow-moving belt on the segre- 
average number of telegram journeys, on the/ gation table seen to the right of Fig. 11. From this 
circulation table system in the Inland Telegram | belt they are picked up, marked and sorted. Those 
room is approximately 205,000, with a maximum| for the phonogram room are put on to the flat 
of 320,000. belts running at about table level, on which they 


The belts used on the multiple-band conveyors are carried along to be eventually picked up by two | 


are 0-055 in. in thickness, so that the difference | drag-band conveyors which take them up by an 
in speed as they pass together round the driving| overhead route to the phonogram tables. 


pulleys, which are as large as possible, may be | vertical leg of a drag-band conveyor bringing forms | 


reduced to a minimum, Apart from the treatment | from the phonogram tables is seen in the centre of 
The forms are delivered by it to 


given to minimise the electrostatic charge, referred | the illustration. 
to above, the belts, with the exception of that in| the slow-moving sorting belt on the circulation 
contact with the driving pulley, are treated so | table. 
as to reduce friction and to restrict the variation| converging multiple-band conveyor is much less 
in length caused by changes in climatic conditions. | likely to suffer from troubles from electrostatic 
The belt next to the driving pulley must, of course, | charges, as there is no friction between the several 


Part of the forms, | 


are put into a Vee-conveyor, in front of the multiple- | 


The | 


It will be realised that the open-sided, non- | 
















have as good a grip as possible. It is of the same | 
material as the other belts but is somewhat thicker. | 
It is not desirable to increase the belt tension | 
unduly by the automatic weight-loaded yer 
and slipping is, therefore, guarded against by | 
increasing the are of contact with the driving pulley. | 
This is effected by the introduction of guide idlers | 
at suitable points and, in cases where these cannot | 
be introduced, by a weight-loaded idler belt which | 
keeps the driving belt in close contact with the | 
pulley. The belts are joined without appreciably 
increasing their thickness at this point by inter-| 
locking fringes, machine-stitched and vulcanised. 
The average strength of this type of joint is more | 
than 500 Ib. per inch of width. The strength is | 
naturally reduced by warp abrasion, but a sample | 
of belt which had been working 12 hours a day 
for 12 months, under very exacting conditions, | 
only showed a reduction to 376 lb. per inch of| 
width, so that the fabric may be considered to stand 
up to its work very well. | 
[t will be understood that the belts of the multiple- | 
band conveyors are converged and carried on as a 
single compound belt in those cases in which the | 
telegram forms have to be transported to con-| 
siderable distances. When, however, the instru- | 
ment tables are situated close to the circulation, the 
belts are not converged but are kept separate for | 
their full delivery length, i.¢., the smooth steel 
surfaces over which they run are continued beyond | 
the table. Such an arrangement is illustrated in 
Figs. 10 and 11, pages 375 and 376, which illustrate 
an installation in the Edinburgh General Post 
Office. The conveyor, which has five strands, is 
seen in the background of Fig. 10, and runs from 
the circulation table at the extreme left along the | 
ends of five instrument tables, two of which are 
in the illustration. As the lay-out of the 
room does not necessitate overhead transmission, 
the delivery part of the multiple-band conveyor 
is situated only a little way above the tops of the 
instrument tables and there is, in consequence, no 
need for a screened drop point such as is shown in 
Fig. 4. Instead, each belt is, in turn, merely led 
back over a pulley in the vicinity of the table and 
the telegram form, which lies on the belt and not 
between two of them, falls into a receptacle just 
below the belt. Two such receptacles are visible 
in Fig. 10, that in the cent-e being just about to 
receive a telegram form which has been delivered 
by the belt and is on the point of falling. The 
forms are removed from the receptacles by hand 
and distributed to the instruments in the same way. 
The Vee-conveyors along the centres of the tables | 
carry incoming messages which are delivered to the 
return strand of the top belt. This strand lies below 
the table level and conveys the forms to the circula- 
tion table. The Vee-conveyors are reversible so 
that at certain times the incoming forms can be 
delivered to hoppers at the ends of the tubes remote 
from the multiple-band conveyor. 
A part of the circulation table is shown in Fig. 11. ’ 


visible 





belts for the major part of their traverse though 
they are led round the driving pulley as a single 
combined belt. The drag-band and Vee-conveyors, 
though referred to briefly above, will be described 
in more detail in a subsequent article. 








DEVELOPMENT OF A CENTRIFUGAL 


BALL MILL. 


By W. F. Carey, M.Eng., M.I.Mech.E., E. W. 
Rosey, M.1.Mech.E., and H. Heywoop, Ph.D., 
M.Sc., A.M.1I.Mech.E. 


CONSIDERABLE research work has been carried out 


jointly by Imperial Chemical Industries, Limited, | 


International Combustion, Limited, and the British 
Coal Utilisation Research Association, with the 
object of developing a new type of centrifugal ball 
mill. This mill was intended to take full advantage 
of the principle of free-crushing, i.e., the crushing 


of a single layer of particles between metallic | 
surfaces, and could be used for the preparation of | 


pulverised coal and other minerals. Circumstances, 
however, did not render it possible to continue the 
research work to a point at which an actual mill 
could be constructed, and it was therefore considered 
advisable to give publicity to the preliminary experi- 
mental results, and to disseminate the information 
to those who might be interested. 

It has been realised for many years that failure 
to achieve the ideal of free crushing is one of the 
fundamental factors which reduce the efficiency of 
size reduction processes. ‘To embody this principle 
it is essential that the materials should be spread 
out in a thin layer, and this implies either large 
grinding surfaces or high relative speeds of move- 
ment. The possibility of improving existing types 
of mill was considered, but prolonged discussions 
showed that to achieve a considerable advance on 
these lines would not be easy, and that it might be 
better to develop something quite different. Ulti- 
mately, a mill was designed which embodied the 
principle of free-crushing. 

It may be taken that the average total reduction 
of particle size in a mill is of the order of 200 to 1, 
and the theoretical energy necessary for such 
reduction is about 2 kWh per ton. As the average 
consumption of power in an industrial mill is about 
25 kWh per ton, it appears that the raising of the 
energy-transmission efficiency is the key to the 
problem. Free-crushing would ensure high effi- 
ciencies, but unfortunately leads to engineering 
difficulties because of the large surface necessary 
and the liability to aggregation, which causes 
inefficiént crushing. Most machines adopt the 
principle of crushing in deep beds, whereby much 
energy is lost because of the internal friction in the 
bed. The most obvious method of securing the 
necessary surface would be to pass the material 
downwards through a series of rolls arranged in 
pairs, with the gap between the successive pairs 
diminished progressively. The main objection to 








| fine material aggregates, and an excessive number 
|of stages is, therefore, required. With another 
| system operating with a pair of rolls, one placed 
| above the other, and re-cycling the coarse material, 
|the reduction per stage can be increased because 
‘the material before crushing would have a high 
| voidage. This system, unfortunately, leads to a 
| very complicated design. 

Comparatively little energy is required for the 
learly stages of crushing, but the energy require- 
| ments for crushing from 600 microns to 120 microns 
| are considerable. This suggests that the feed might 





be crushed on open-circuit down to 600 microns, 
followed by closed-circuit milling with classification 
|in the final stage from 600 microns to 120 microns. 
| Such a system might be particularly advantageous 





| with ball mills (a) because the energy transmission 
would be high on account of the high voidage in 
| the last stage ; and (b) there would be little wastage 
of energy in producing superfines. However, this 
|system would not be expected to achieve more 
than, say, 15 per cent. economy in running cost. 
Impact mills certainly crush freely, but in this 
case half the energy is wasted with air friction and 
a large proportion of the remainder in collisions 
that are insufficiently violent to shatter the particles. 
| The special type of mill to be discussed below is 
‘a centrifugal ball mill, Figs. 1 and 2, opposite, 
| which should not be expensive to make, and calls 
for no extremes in operation. This mill follows the 
principle of free-crushing, which is obtained by 
means of a ring of balls which are rotated clockwise 
by a spider carried on a shaft. The chamber and 


TABLE I.—Arrangement of Chutes. 











. . Compartment from which material 
Chute Ref. | is collected. 
1 Feed Cone Side of Casing, bottom half. 
2 Back Cover of Casing, bottom half. 
Aand D Feed Cone Side of Casing, top half 
| | (2 chutes). 
| B and C | Back Cover of Casing, top half (2 chutes). 


classifier are carried on another shaft running 
| co-axially with the first, but rotating anti-clockwise. 
|'The feed is introduced at the centre and flies 
outwards, being evenly spread on both walls of the 
chamber by a central table and baffles. The crushed 
| material leaves the mill by an annular exit ring, 
| 


and passes through a centrifugal classifier, the fines 
leaving the system in the air current, and the coarse 
being swept back to rejoin the feed. The general 
principle is that the balls roll on a layer of powder 
one particle thick, which is passing radially over the 
| bull ring carried by the casing. The balls are 
arranged to precess as they roll by slightly inclined 
pusher arms on the spider, and the bull ring will 
be slightly curved near the point of contact to 
adapt itself to the wear of the balls with which 
it is in contact. The power requirements can be 
estimated by calculating the centrifuga! pressure 
and assuming a coefficient of friction of, say. 
5 per cent. As an example, it can be calculated that 
a mill 6 ft. in diameter with 11 balls, 5 in. in diameter, 
would have an output of 5 tons per hour, and that 
with a grinding efficiency of 50 per cent., the power 
requirement would only amount to 15 kW, +. 
3 kWh per ton. 

Since effective distribution of the feed to the 
crushing surfaces is an important factor in the 
successful operation of the mill, preliminary experi- 
ments were made with apparatus constructed of 
sheet metal. The first tests showed that a 20 deg. 
angle feed cone would give satisfactory distribution 
at the periphery of the cone, and this angle was 
used in the construction of an apparatus to study 
the method of splitting the stream into two parts. 
This experimental apparatus was constructed from 
sheet metal, and the distributing cone, which 
replaced the spider carrying the grinding balls in 
the actual mill, was arranged so that it could be 
made to revolve in either the same or the opposite 
direction of- rotation to that of the feed cone. 
The casing surrounding the distributing cones was 
divided into compartments, so that the material 
discharged from different points on both sides of 
the periphery could be measured separately, these 
collecting chutes being arranged as shown in 
Table I. The clearance between the edge of the 
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feed cone and the distributing cone was varied, 
and the distributions of the feed at the optimum 
settings are shown in Table II. During these tests 
the coal was fed at a rate of approximately 1 ton 
per hour, and was graded to pass a }-in. sieve. 
Experiments with coal graded to pass a }-in. sieve 
gave very similar results. 


TABLE II.—Percentage by Weight Delivered at each 
Chute. 


Relative Direction of Rotation of 
Feed Cone and Distributor. 


Compartment and 
Chute Positions. 





| 


Same. | 
(0-34 
| 


(O-5 in.Clearance.) 


Opposite. 
in. Clearance.) 


Feed KMnd Cover 


Bottom half, chute 1 SLL en | 38) - 
er 50 | . 5 
lop half, chutes A+ D 1643-19 |} 8$+3=—11) 
Back End Cover 
Bottom half, chute 2 ay = 50 | 364 1 sy 
i 2: | 


lop half, chutes B+ 10 +3) —13) 


These tests showed that it was possible to obtain 
equal distribution of the feed to each side of the 
distributor. It was found to be more difficult, 
however, to obtain uniform distribution of the feed 
in a radial direction, since between 55 per cent. and 
75 per cent. of the feed was discharged from that 
part of the distributor situated below a horizontal 
plane passing through the axis. There is little 
doubt, however, that modifications in design, and 
the introduction of guiding vanes, would improve 
the radial distribution and enable a uniform layer 
of material to be fed to the grinding zone of the 
mill. The experimental work up to the present 
has been restricted to an exploration of the diffi- 
culties involved in distributing a thin and uniform 
bed of feed to the crushing zones. The advantages 
of securing free crushing have remained undisputed, 
and there is a strong case for pursuing the investi- 
gations when a suitable opportunity occurs. 








THE ENGINEERING OUTLOOK. 
XII. 


CONSTRUCTIONAL AND GENERAL 
ENGINEERING. 

THE vear 1939 was one of very great and probably 
record activity for constructional-engineering firms 
and public-works contractors. A large part of the 
work in hand was on Government account, but an 
important amount of commercial work was under- 
taken during the first eight months of the year, 
particularly on factory construction and extensions. 
The outbreak of war caused the suspension of many 
public-works projects, in some cases only tempor- 
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work in connection with urgent defence orders and 

| A.R.P. Nevertheless, towards the end of the year 
| there was some anxiety regarding future prospects, 
| since firms were desirous of maintaining their com- 
| mercial work and particularly their export connec- 
tions. Although unemployment in constructional 
|engineering has been reduced to a very low level, 
| difticulties have been experienced; less from a 
scarcity of skilled labour than from a shortage of 
raw materials, which, naturally, have been to some 
extent reserved for work of the greatest national 
importance. 

Employment in constructional engineering is 
shown in Table I, herewith. In 1939, the number 
insured rose by 2,710 to the record level of 49,430 ; 
at the same time, unemployment fell to 2,719 from 
5,200 in the previous. year, the number employed 
rising from 41,520 to 46,711. That activity in the 
industry has been well maintained since July, 1939, 
is shown by the fact that unemployment in Decem- 
ber, 1939, was only 2,576, and in January, 1940, 
was no more than 2,892. The number employed 
in public-works contracting, which in many respects 
overlaps constructional engineering, is, of course, 
considerably larger ; the number insured amounted 
to 363,590 at July, 1939, compared with 328,040 
in the previous year, while unemployment stood 
at 102,845 in 1939 against 114,786 in 1938. Employ- 
ment thus increased from 213,254 to 260,745. By 
December, 1939, unemployment had fallen to 89,189, 
but in January, 1940, it rose again to 102,469, 
probably mainly on account of the severe weather 
conditions. The numbers registered as unemployed 
under the heading of ‘‘ Public Works ” are believed 
to be inflated by the inclusion of a certain number 
of workers who are but loosely attached to the 
industry. 

There was a further fall in the value of building 
plans approved by the 146 local authorities making 
returns to the Ministry of Labour, shown in Table IT, 
on this page. For 1939, the figures are available 
only up to July, since when no. returns have been 
| published. The total for the first seven months of 
the year, at 54,116,000/., compares with 97,600,000/. 
| for the whole of 1938, so that the monthly average 
| fell from 8,133,300/. in 1938 to 7,730,900/. in 1939. 
The drop was due to a sharp decline in the estimated 
cost of plans approved for dwelling houses, so that | 
it has been reflected-in a decline in activity in the 
building industry rather than in constructional 
engineering and public works. Plans approved for 
dwelling houses, in fact,-have been falling steadily 
since 1935, though until the outbreak of war they 
were still running at a level well above that of any | 
year prior to 1933. The more or less complete 











arily, while urgent A.R.P. work was carried out, 


but in others probably for the duration of the war.| however, has caused considerable distress in the 
Public-works contractors and constructional engi- | building industry and has also created a high degree | 
neers, however, were able for the most part to|of unemployment among architects. 
maintain their activity owing to the high level of | surprising, therefore, that a strong agitation should! with 119,033 in July, 1939; and although the 


cessation of house building since the war started, 
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| have been started in the last few months of 1939 
|for the formulation by the Government of a war- 
time building plan. Apart from the alleviation of 
individual distress, however, which in any case 
| should occur by gradual transference of labour and 
|resources to work of greater national importance, 
| it is difficult to make out a convincing case for the 
|maintenance of private building activity in war 
time, particularly in view of the high level which 
\it has maintained for several years. Unless the 
| war proves to be a very long one, the suspension 
|of house building is not likely to result in an acute 
| housing shortage comparable with that which pre- 
| vailed at the end of the last war, and a certain 
degree of accumulated demand might well prove 
jextremely useful at the close of hostilities, to 
| counteract the unemployment which will arise from 
| the decline in armament production. The position 
| would be completely altered, of course, if intensive 
air raids should occasion great destruction of 
dwelling houses. 

As regards the other fields of building activity, 
there was a slight decline in 1939 in the estimated 





| TABLE I.—Numbers Employed in Constructional Engin- 
| eering (United Kingdom). 











Insured. Unemployed. | Employed. 
| 
July, 1928 —_. 2,146 
+ oe . 2,287 
— we 7 4.880 
‘i, a, al 29,580 | 7,108 
Me cal 29,300 10,102 
» 1983 ..| 29,200 | 10,002 
» 1934 ‘| 31,650 6,905 
ee. 33,410 5,736 
» 1936 36,120 | 4,387 
» 1937 40,060 } 4,035 
» 1088 46,720 5,200 
»» 1939 49,430 2,719 46,711 
TABLE II.—Value of Plans Approved by 146 Local 
Authorities. (£000.) 
‘ a 
| Dwelling Other. Total. 
Houses. | 
—__——_—— . 
1928 40,124 27,311 } 67,435 
1929 44,260 28,804 | 73,004 
1930 16,764 7,841 74,605 
1931 10,492 22,518 } 63,010 
1932 46,888 19,366 66,254 
1933 62,308 | 21,373 | 83,861 
1934 69,586 25,977 95,563 
1935 77,193 35,346 112,539 
1936 75,062 | 41,971 117,082 
1937 | 67,638 | 43,283 | 110,921 
1938 .. 60,004 | 37,5906 97,600 
1939* .. 30,426 23,690 54,116 
* Januaryeto July. 
cost of plans approved for churches, schools and 








other public buildings ; but those for factories and 
workshops, shops, offices and warehouses, and 
miscellaneous buildings and extensions to existing 
buildings showed a considerable increase. In the 
case of factories and workshops, the monthly 
average rose from 622,4001. in 1938 to 811,100/. in 
the first seven months of 1939, and for the single 
month of July the figure was 1,027,000/.; in the 
case of shops, offices and warehouses, the average 
for 1938 was 791,200/., and for 1939, 813,300/., 
while the figure for July, 1939, was 892,100/. In 
that of other buildings and extensions, the average 
rose from 928,000/. in 1938 to 988,700. in 1939, 
but the figure for July was lower, at 938,200/. 
Although, as pointed out in previous articles in 
this series, there is always a time lag between the 
approval of plans and the actual start of building, 
which may be quite considerable in the case of 
dwelling houses, the lag is probably much less in 
the case of factory construction, since a high propor- 
tion of this work has been in connection with urgent 
defence contracts. The effect of these changes on 
activity in constructional engineering and public- 
works contracting has already been seen in the 
figures for employment in these industries. In the 
case of the building industry, also, there was a rise 
in the number employed between July, 1938, and 
July, 1939, from 907,690 to 922,517 ; and it would 
seem, therefore, that the increase in factory con- 
struction more than outweighed the decline in 








It is not | 


house building. By January, 1940, however, 
unemployment had increased to 266,934, compared 
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former figure included a high proportion of tem- 
porary stoppages due to weather conditions, the 
number of wholly unemployed in January stood 
at 196,295. 

A very large amount of work on hand 
during the year in connection with the expansion 
of the armed forces. An indication of the importance 
of this work is provided by a contract received by 
Tarran Industries, Limited, in June, for ten camps 
for militiamen, valued at 400,000/. In addition, 
there was a large amount of on the new 
Government ordnance factories and on factory 
extensions for armament work generally. The gross 
Army estimates for works, buildings and lands 
amounted to 24,083,0001., and to this must be added 
proposed expenditure under the Air Force and 
toyal Ordnance Factory Estimates. Moreover, the 
whole scale of expenditure has been substantially 
increased since the estimates were published in 
March, 1939. For the current financial year, token 
estimates only have been presented, and there is 
no indication of the division of the total expenditure 
on the armed forces. 

The programmes of capital expenditure and 
development over the next, five years, which were 
drawn up by local authorities at the request of the 
Ministry of Health with the object of using such 
capital expenditure as a stabilising influence on 
general economic conditions, were suspended in the 
spring of 1939 in view of the international situation. 
The total capital cost of the works included in these 
programmes is understood to be about 827,000,000/., 
and provided the programmes are kept up-to-date 
they should provide a very powerful weapon ir 
controlling the slump which may be expected after 
the war. 
Committee for Public Relations up by the 
Building Industries National Council was engaged 
on the preparation of a memorandum dealing with 
the manner in which the programmes should be 
executed and the timing and allocation of the works. 

The road question was very much to the fore 
during the past year. In July, the British Road 
Federation, in support of a plea for more generous 
expenditure on road improvements, published a 
comparison between such expenditure and receipts 


was 


work 


set 


from motor-vehicle taxation in each year since 
1921-22 (year ending March 31). This showed that, 
while taxation receipts increased more or less 


steadily from 11,051,000/. in 1921-22 to 79,049,0001. 
in 1937-38, expenditure on roads, after rising from 
49,329,000/. in 1921-22 to 68,787,000/. in 1931-32, 
fell back to 50,756,000/. in 1933-34, and then rose 
gradually to 64,700,000/. in 1937-38. It was pointed 
out that the density of traffic in the United Kingdom, 
of 14-6 motor vehicles per mile of road, was higher 
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tion in the condition of the roads are not large. 
Immediately on the outbreak of war, a good deal 
of road work was temporarily suspended as an 
emergency measure, as it was considered essential 
that the full width of important roads should be 
available to traffic. At the end of September, 
however, it was stated that the most important 
road improvement schemes undertaken by county 
authorities would be proceeded with, and that new 
schemes would be considered on their merits. The 
need for economy arises mainly from the desirability 
of freeing labour for more essential work, notably 
agriculture ; while it is understood that there has 
also been some demand for a transfer of mechanical 
equipment from road making to military construc- 
tional works. 

The total expenditure on road construction, main- 
tenance and repairs was likely to have amounted to 
about 75,000,000/. in the current financial year, but 
in December the Minister of Transport stated that 
savings to be effected in the current year would 
total about 5,000,0001., and next year, about 
10,000,0001. He explained that all approved road 
schemes had been divided into four categories :-— 
(1) those to be completed ; (2) those on which it 
was not possible to take an immediate decision, and 
which were being continued for the time being ; 
(3) those which were to be closed down at the 
earliest possible stage ; and (4) those which would 
remain on paper. 

Among the most important of the schemes on 
which work is proceeding is the rebuilding of 
important sections of the Great North Road. These 
com prise 26 separate schemes, covering some 50 miles 
of road. Of the 26 schemes, work had already been 
started on 14 in August, and it was stated that the 
total cost of the improvements would exceed 
2,000,0001. These schemes have been designed to 


| fit in with the ultimate layout of the road, which 


than in any other country, and it was claimed that | 


the need for increased road expenditure was evident 
in the casualty returns. 

The much talked of five-year road programme 
announced in 1935, which the Prime Minister stated 
would involve the expenditure of an additional 
100,000,0001., appears to have had little influence 
on the position. It was claimed by Mr. Hore- 
Belisha, when Minister of Transport, that, by 1940, 
dual carriageways would have been constructed 
wherever but by March, 1938, when 
the plan had already been running for three years, 
there were only 162 miles built and 91 miles under 
construction. In January, 1939, Mr. Burgin stated 
that 31,000,000/. had been spent on the plan, but 
it would seem that other expenditure on roads must 
have been curtailed by almost a similar amount, 
since, as pointed out by the Heonomist, the average 
contribution to road expenditure from national 
funds in the three years 1936 to 1939 was only 
214,000/. more than the level of 1935-36. Another 
development which it was hoped would produce a 
substantial improvement in the situation was the 
taking over in 1937, by the Ministry of Transport, 
of 4,452 miles of trunk roads; yet a Select Com- 


necessary ; 


will comprise dual carriageways, cycle tracks and 
footpaths, with an overall width of 120 ft. on 
practically the whole length between London and 
Edinburgh. A number of new bridges will be 
required to replace obsolete ones. Among the 
works abandoned, probably the most important is 
the Dartford tunnel under the Thames, which was 
estimated to cost 3,500,000/. The pilot tunnel was 
completed in 1938, and work had been proceeding 
on the preparation of the shafts on either bank 
for the main tunnelling work through the river 
bed when the contract for this work was placed. 
There were few important bridge-building develop- 
ments in this country during 1939, though the need 
for a road bridge over the Firth of Forth was again 
urged, this time by the Annual Convention of the 
Royal Burghs of Scotland, which approved by a 


large majority a motion urging the Minister of | 


Transport to give his consent to the scheme. It 
was stated that the cost would amount to 500,000/. 
per annum for six years. The question of a road 


bridge over the River Severn was also reopened, | 


_and the Ministry of Transport notified the Glamorgan 


mittee of the House of Lords recently stated that | 


less work had been done on these trunk roads under 
the Ministry than in the five years previously. 

It now appears that, as a result of the outbreak 
of war, expenditure on roads is likely to be still 
further curtailed, though, in view of the restricted 
expenditure in past years, the economies which can 
be effected without occasioning a serious deteriora- 





County Council Roads and Bridges Committee of 


an offer of a 75-per cent. grant towards the cost of | 
a further investigation into the best means of | 


crossing the river below Gloucester. In March, 
1939, Southampton Corporation announced a pro- 
posal to rebuild Northam Bridge over the River 
Itchen at an estimated cost of 146,0001., while a 
smaller bridge across the Severn at Maisemore, to 


cost 50,000/., was announced in the following month. | 


The Gloucester City Council also decided to build 
a new bridge over the River Severn, at a cost of 


over 100,000/., for traffic on the road between 
Gloucester and Ross. This will be a five-span 
reinforced-concrete structure and will be built | 


alongside the existing Westgate Bridge, which it 
will eventually replace. An important scheme for 
the improvement of roads and bridges round 


Briton Ferry, at an estimated cost of 1,012,000/., | 


was provisionally approved in August. The scheme 
includes a bridge 900 ft. long over the Great Western 
Railway and the northern end of Briton Ferry dock, 
and another, 17,000 ft. long, over the River Neath, 
with a main span of 279 ft. and a navigable height 
of 90 ft. 

Abroad, the Otto Beit suspension bridge over the 
Zambesi River at Chirundu was opened on Empire 
Day. This bridge, which took about one year to 








erect, has a single span of 1,050 ft., which is believed 
to be the longest outside America, and was built 
by Dorman, Long and Company. The bridge has 
a total length of 1,210 ft., and connects Northern 
and Southern Rhodesia. At the opening, it was 
announced that the Beit Trust would finance a 
bridge over the Kafue River in Northern Rhodesia. 
The river is at present crossed by pontoon and is 
the only unbridged gap left in the main route 
across the Rhodesias. 

An interesting concrete bridge was under con- 

struction in Sweden during the past year. The 
bridge, which spans the Angerman River in North 
Sweden, has a concrete span measuring 264 m., 
the longest yet built. This span connects the 
western shore with Sandé Island in the river, and 
the roadway then continues partly on viaducts 
across the island and thence on a concrete girder 
bridge to the eastern bank of the river. At one 
point the distance between pillars is 714 m., the 
longest free distance for any concrete girder bridge. 
| The work is expected to be completed in 1941. In 
Canada, it was announced that a new bridge was 
to be constructed between Grosse Point, Quebec, 
and Campbellton, New Brunswick ; while Holloway 
| Brothers (London), Limited, secured an important 
| contract for the construction of a swing bridge in 
| the Bahrein Islands. This bridge completes a scheme 
| for connecting Manama, the capital, with Moharraq, 
| where the aerodrome is situated. The two places 
|are separated by a mile and a half of sea, which is 
shallow with the exception of one deep channel. 
| A causeway has been built in the shallow part of 
| blocks of coral stone and the bridge will span the 
channel. 

In Iraq, the official opening of the Kut Barrage, 
erected by Balfour, Beatty and Company in con- 
junction with Ransomes and Rapier, Limited, who 
were sub-contractors for mechanical equipment, 
took place in March, 1939. The contract, which was 
awarded in 1924, was valued at 1,120,000/., and 
the whole of the plant, as well as some 60,000 tons 
of cement and 10,000 tons of steel sheet piles, was 
shipped from Great Britain to Basra, and thence 
for 300 miles in barges up the Tigris. Later in 
the year, Balfour, Beatty and Company secured an 
885,000/. contract for the construction of the 
Habbaniyah Escape, a barrage across the Euphrates 
near Ramadi, and the making of canals in the 
| neighbourhood of the R.A.F. station for the pur- 
| pose of diverting flood waters into Lake Hab- 
|baniyah. At a later stage, it is proposed to make 
arrangements for returning water from the lake to 
the river in the season of water shortage, so that 
eventually the lake will become a balancing reservoir. 
Work on the Habbaniyah Escape began early in 
1940. The same British firm are also assisting in 
| the construction work and tunnelling of the Baghdad 
Railway. Another important irrigation under- 
taking which was opened early in 1939, was the 
Haveli scheme at Trimmu, in the Punjab, which 
includes the Emerson barrage. This will irrigate 
| nearly 1,000,000 acres, and its construction involved 
| the use of 60,000 tons of cement and 7,000 tons of 





| steel. 

Two important plans for harbour extensions were 
put forward during the year. The Egyptian Minister 
|of Communications outlined a ten-year plan for 
the improvement and enlargement of Alexandria 
harbour at a cost of 3,000,000/. The main projects 
are the deepening of the main entrance to the harbour 
| and the construction of a petroleum basin, a nitrate 
quay, and a quay for cattle. In addition, a dry dock 
is to be built and a quay and breakwater for repairs 
to large vessels after leaving dry dock. The second 
plan is one for doubling the berthage of Durban 
harbour, which has been recommended by a special 
committee appointed by the Government of the 
Union of South Africa. The scheme involves the 
reclamation of a large tract of marsh and swamp 
|at the head of the Bay, and the erection of two 
large T-quays to accommodate a further 12 steamers. 
The scheme involves the canalising of three rivers. 
No final estimate of the cost has been worked 
out, though this is expected to be about 4,000,000/. 

In May, the Tees-side Bridge and Engineering 
Company secured a large order from Ceylon for 
constructional steel for aerodrome hangars. The 
order has been estimated to be worth 1,000,000/. 
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In the field of railway construction, French interests | 
secured an important contract at the end of 1939 
for the construction of a railway from Kunming 
(Yunnanfu) to Suifu on the Yangtze, in Szechwan. 
The railway, which will continue the line from 
Hanoi to Kunming, will be 450 miles long and will 
take four years to build. 

At home, a large amount of work was on hand for 
the London Passenger Transport Board in connec- 
tion with tube extensions. Although a certain 
amount of interference arose from the necessity of 
A.R.P. work, the construction of new stations and 
the widening of tracks has continued. The under- 
taking most seriously affected was the provision 
of through railway facilities to Stanmore on the 
Bakerloo line, but even in this case the effect was 
merely to postpone the opening of the new line, 
originally scheduled for October, for six weeks. 

The main sections of the engineering industry 
have now been examined individually in this series, 
but there remains a substantial part of the industry 
for which no satisfactory basis for statistical exami- 
nation is possible. Table LII, below, shows the 
TABLE III.—Numbers Employed in General Engineering. 








Insured. | Unemployed. Employed. 

July, 1928 581,180 56,678 

», 1929 586,750 53,002 

» 1930 5 2 99,039 | 

» sean . 167,874 | 

» 1932 ..| 166,199 | 

- | 129,742 | 

1934 75,643 

i eee wk 65,793 

—_— 539,720 35,149 | 

» 19 ia 613,910 30,175 

. 2. ss 640,490 47,577 92, 

, 1939 661,650 22,443 639,207 





employment figure for general engineering, which 
includes some of the branches of the industry | 
already dealt with, such as agricultural and textile 
machinery, for which separate employment figures 
are not available. Between July, 1938, and July, 
1939, there was a rise in the numbers insured of | 
21,160, and a fall in the number unemployed of 
25,134, so that the number in employment increased 
by 46,294. 

To summarise the position of the engineering 
industry in 1939, there was a marked improvement 
in activity, due mainly to armament work, but also 
to a lesser extent to a rise in home demand generally. 
The industry, for the most part, is assured of full- 
time working for the duration of the war, as, | 
although the products of some sections, such as | 
private motor-vehicle construction and_ textile 
machinery, are not directly required for furthering 
the country’s war effort, it should be possible to} 
switch over practically all redundant plant to work | 
of national importance, while in several sections of | 
the industry the cutting off of German exports | 
should offer a good opportunity to expand substan- | 
tially the exports from this country. The major | 
problem, undoubtedly, will be the maintenance of | 
adequate supplies of raw materials and of labour, 
and in connection with the latter much more far- ; 
reaching arrangements for the training of labour | 
will be required than have so far been put forward. 
Negotiations on this question, and particularly as 
regards expansion of the number of women employed, | 
of whom it has been stated that at least 1,000,000 
will be required, have been proceeding between the 
Government and the trades unions in the last few 
months. 

The question of wages was discussed at some | 
length in the first article in this series, but, since | 
that article was written, an agreement has been 
concluded between the Engineering Employers’ | 
Federation, the Amalgamated Engineering Union 
and the Confederation of Engineering and Ship- 
building Trades, providing for an increase in the 
national bonus of 5s. per week to all adult male | 
workers as from February 18, and a proportionate 
increase in the wages of apprentices, boys and youths. 
There is still no sign, however, of a comprehensive 
policy in regard to industrial wages generally, | 
framed with the object of adjusting spending power | 
to the restricted quantities of goods available. The | 
problem will not, of course, become really acute | 
until the unemployment figure has been reduced to 
a total considerably lower than that at which it 
pow stands, and it is possible that the Government 
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are waiting until this point is reached—and also 


to determine what is likely to be the maximum | 


effect of the voluntary savings movement—before 
putting into force other measures for the restriction 
of purchasing power. , 








THE BRITISH THOMSON-HOUSTON 
COMPANY’S ENGINEERING 
TRAINING SCHEMES. 


THe circumstances of the time have accentuated 
the importance of proper training for entrants to the 
engineering industry. 
that the procedure of an earlier day, in which boys 
were accepted for a five-year apprenticeship, and left 
to make their way as best they could, does not meet 
the requirements of a highly technical profession. 
Much has now been done by the introduction of consi- 
dered schemes of training, a movement in which the 
great electrical manufacturing companies have taken 
a leading part. Among these is the British Thomson- 
Houston Company, and all interested in the vital 
subject of the training of engineers, in addition to 
those to whom the matter is of direct personal import- 
ance, will find the latest edition of this company’s 
publication, Engineering Training, of value and 
importance. This sixty-page booklet gives 
of the three main courses of training provided. 


These 


are intended, respectively, for youths with a university | 


education, youths of public or secondary-school 
standard, and boys from junior technical or central 
schools. These three main groups, however, are far 
from covering the whole of the educational facilities 
provided by the company, and courses are available for 
post-graduate students, overseas students, draughts- 
The main part of the 
training, particularly for the higher courses, is carried 
out at Rugby, but the engineering and trade courses 
are available at the Coventry works and the drawing- 
office and trade courses at the Willesden works. 

One of the encouraging features of technical educa- 
tion in this country over recent years has been the 
development of a closer inter-working between tech- 
nical colleges and the works of their area. This develop- 
ment is well illustrated at Rugby. The training 
schemes of the British Thomson-Houston Company are 
closely interlinked with the work of the Rugby College 
of Technology and Arts, and it is, indeed, largely as a 
result of the introduction and development of these 
schemes that the college has made such considerable 
progress in the past twenty years. It is now approach- 
ing the achievement of its policy of providing accommo- 
dation for the varied activities of its 3,000 students 
in a single central building. Authority was given for 
the completion of this scheme, at an estimated cost 
of 151,0001., in July, 1939. Naturally, the incidence 
of the war will delay the completion date. It may 
be said, incidentally, that the British Thomson-Houston 
Company is presenting the whole of the electrical 
equipment for the new college building. In Coventry, 
also, particularly in connection with the trade courses, 
close touch is maintained with the Coventry Technical 
College. Close interworking takes place between the 


It has long been recognised | 


details | 


FIFTY YEARS OF MARINE 
ENGINEERING.* 


By Proressor A. L. Mettansy, D.Sce., LL.D. 
(Continued from page 373.) 


THE vast amount of experimental and mathematica 
investigation essential to the reliability and progress 
of the marine turbine includes researches directed 
towards the improvement of the internal efficiency 
of the turbine. In the preliminary work of develop- 
ment little attention could be given to the losses in 
nozzles and blade passages and to the power absorbed 
by the frictional resistance of the rotating discs, because 
little was known of them. It might appear at first 
sight that there was little to learn about the flow of 
steam through the comparatively simple arrangements 
of a steam turbine, yet any modern text-book will show 
| the great extent of the research in nozzle problems. 
| This branch of research was one that attracted me 
at a comparatively early date, and work both on 
nozzle losses and turbine-wheel friction was carried 
out by the staff and students in the laboratories of the 
| Royal Technical College for many years. With the 
| aid of a generous grant from the Department of Scientific 
and Industrial Research over the years 1920-23, Pro- 
| fessor Kerr and myself were able to prepare a series of 
| papers in which the losses in turbine nozzles of many 
| different varieties were divided into their separate 
constituents and their values estimated. Attention 
must also be drawn to the six reports of the Steam 
Nozzles Research Committeet appearing in the Proceed- 
ings of the Institution between the years 1923 and 
1930. This committee, with representatives from 
science and industry, carried out a most valuable 
piece of work and its results are known and appreciated 
wt the world over. It may be questioned by. some 





whether laboratory work such as described could 
| have been of much benefit to the turbine industry, 
| but I feel certain that present staging and blading 
| propartions, resulting in the remarkable efficiency of 
| the modern turbine, are largely founded upon small-scale 
| laboratory research. 

Some account may here be given of the modern 
| tendencies in turbine development. In the continual 
| search for economy, pressure and temperature increases 
are the obvious means of reducing fuel consumption. 
Also, as previously mentioned, stage feed heating 
presents some attractive features, and reheating must 
be accepted as a possible means of increasing both 
efficiency and output. Some years ago I was asked 
to make an investigation into the effect of pressure 
and temperature upon turbine performances and the 
result was a paper presented by Professor Kerr and 
| myself to the North East Coast Institution of Engineers 
| and Shipbuilders (1924-5). In this paper we attempted 
to discuss not only the increases in efficiency but also 
| the increases of losses accompanying rising pressures. 
| The result was of interest since it showed, contrary, 
| I believe, to all previously published papers, that there 
was a pressure limit beyond which it was inadvisable 
to go even wher every advantage was taken of reheating 
and stage feed heating. The subject was again dis- 
cussed in a paper presented by Professor Kerr and 
myself before this Institution in 1927,{ and Fig. 3, 
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page 372, ante, reproduced from that paper, shows our 





Coventry and District Employers’ Association and the | main conclusions. It will be seen that beyond a 
Educational Authority of the city of Coventry, and | pressure of 1,000 lb. per square inch the possible rise in 
indentured apprentices are eligible to qualify, by | efficiency is very small and that the true pressure limit 
virtue of their engineering apprenticeship, for the | could be taken as somewhere between 1,000 Ib. and’ 


Freedom of the city of Coventry. A final matter 
which may be mentioned is that no premiums are 
payable for any of the training courses provided by the 
company. This, which has been the policy from the 
first, is in contrast to the procedure of some of the 
engineering firms outside the electrical field. Even 
in many of these cases, however, the premium system 
has recently been abandoned, it being realised that 
if an apprentice is paid for what he is doing, he is more 
likely to take a proper interest in his work than if he 
feels that he is paying the company for the privilege 
of being allowed to walk about in their works. 








THE TRASENSTER MEDAL.—The Gustave Trasenster 


| Medal of the Association des Ingénieurs Sortis de 1l’Ecole 


de Liége has been awarded, this year, to Professor 
Lucien Cayeux, the eminent French mineralogist and 
geologist. ‘4 

Loans TO LOCAL ATTHORITIES.—Local authorities 
requiring loans for public utility purposes will no longer 


be obliged to make separate applications for sanction to | 


the appropriate Government Department and to the 
Capital Issues Committee of the Treasury. The consent 
of the Treasury will in future be sent to the local authority 
concurrently with the sanction of the appropriate depart- 
ment, provided that certain particulars, which are given 
in a recently issued circular, are forwarded with the 
application. 





1,500 lb. per square inch. In preparing this diagram 
| an initial temperature of 900 deg. F. was taken, and the 
|eycle assumed two-stage reheating and extraction 
| feed heating in the number of stages best suited to the 
pressure. The reduction in effective work due to the 
feed pump is also taken into account. 

In the discussion following the paper it appeared 
to be generally agreed that pressures in the neighbour- 
hood of 1,000 lb. per square inch would be quite unsuit- 
able on board ship and that reheating represented a 
complication that would always be avoided. Yet, as 
illustrating the danger of making dogmatic statements 
and also the rapidity with which changes are now being 
made in the mercantile marine, it can be stated that 
vessels are now in service with pressures well above 
1,000 lb. per square inch and temperatures slightly 
above 900 deg. F. 

While developments were proceeding on turbine- 
equipped ships, the reciprocating-engined vessel was 
also making progress. Superheated steam was tried, 
at first with caution and also with many failures. 
Little attention was given to the conditions likely to 





* The twelfth Thomas Lowe Gray Lecture, delivered 
before the Institution of Mechanical Engineers on Friday, 
March 15, 1940. Abridged. 
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arise under very light loads, so that in some circum- 
stances the superheater acted as a condenser with 
disastrous results when the steam reached the engine. 
Slide and piston valves have also been largely replaced 
by separate steam and exhaust valves, which may be 
drop valves or balanced slide valves of the Andrews 
and Cameron type. But perhaps the most unexpected 
development has been that of reheating, introduced 
by the North Eastern Marine Engineering Company, 
Limited. First tried in an existing vessel in 1933, 
the results were so encouraging that two new vessels, 
the Lowther Castle and the Lancaster Castle, were 
equipped with superheaters and reheaters and put 
into service in 1937. In these vessels the steam leaves 
the boilers at 220 lb. per square inch and 775 deg. F. 
and passes through the reheater tubes where its tem- 
perature is reduced to 600 deg. F. It then enters the 
high-pressure cylinder and after exhaust passes round 
the outside of the reheater tubes, where its temperature 
is raised to 575 deg. F. before it erfters the intermediate- 
pressure cylinder. Separate steam and exhaust valves 
of the double-beat type are used in the high-pressure 
and intermediate-pressure cylinders and a balanced 
slide valve in the low-pressure cylinder. It must be 
acknowledged that the “complications” so much 
dreaded in advance are not such as need cause alarm. 

By far the most interesting of the many attempts to 
increase propulsive efficiency is to be found in the 
combined reciprocating engine and turbine of which 
there are so many examples to-day. The superiority 
of the turbine in taking advantage of the lower portion 
of the steam expansion curve had been long known, 
as before mentioned, and the problem of utilising the 
energy discharged into the condenser with the steam 
leaving the low-pressure cylinder of the reciprocating 
engine had attracted many minds. In the destroyer 
Velox, small triple-expansion engines had been fitted by 
Parsons for use at cruising speeds, and the steam 
from these engines exhausted through the turbine to 
the main condenser. The Otaki, built in 1908 by 
Messrs. Denny Brothers, with three propeller shafts, 
had a reciprocating engine driving each of the outer 
shafts and exhausting to a turbine mounted on the 
central shaft. A number of similar installations were 
made on quite large liners, such as the Olympic and 
Titanic. When gearing became popular, the attractive- 
ness of this particular solution of the propeller problem 
disappeared and the combination set was abandoned. 
However, the suitability of a combined plant for 
moderate-sized cargo boats and the increased economy 
that such an installation appeared to offer again 
attracted attention to the subject and within recent 
years many different solutions of the exhaust energy 
problem have been put before the marine engineer. 
An excellent account of the more prominent of the 
different systems will be found in a paper presented 
to this Institution by Dr. Sneeden in 1936. 

Some mention may, however, be made of two of the 
systems, the Bauer-Wach and the Gétaverken, with 
which I have had some personal experience. In the 
Bauer-Wach system, the exhaust steam from the low- 
pressure cylinder of the engine passes through the 
turbine and thence to the condenser. The turbine- 
propeller drive takes place through two gear shafts 
with a Vulcan hydraulic coupling introduced into the 
system. The coupling can be filled with oil or emptied 
simply and rapidly under running conditions and, since 
the turbine is for ahead running only, by emptying 
the coupling it is disconnected from the propeller shaft 
and the exhaust from the engine is by-passed to the 
condenser. This system is both popular and satis- 
factory, and is estimated to effect an increase of over 
20 per cent. in efficiency when the comparison is made 
with a simple reciprocating installation. In the 
Gétaverken system, the exhaust turbine, instead of 
delivering its energy direct to the propeller shaft, 
drives a compressor which takes in steam from the 
high-pressure cylinder exhaust, compresses it, and 
delivers it to the intermediate-pressure steam chest. 
The engine is of the standard type except that the 
intermediate-pressure cylinder steam chest is divided 
into two compartments by a dividing wall fitted 
with a number of automatic valves, which, when the 
turbine is out of action, are kept open by the steam 
flow. With the turbine out of action, the exhaust 
from the low-pressure cylinder passes through a change- 
over valve to the condenser directly. The turbine runs 
at high speed, from 4,000 r.p.m. to 8,000 r.p.m., 
depending upon its size, and so can be made, with its 
compressor, comparatively small. It is usually mounted 
on the top of the main condenser 
shown that by the adoption of the Gétaverken system 
an increase of efficiency of over 18 per cent. can be 
attained. This system affords an opportunity of 
showing how stage feed heating may now be applied 
to the modern marine engine of moderate size. In 
most of the Gétaverken installations a rotary feed 
pump is incorporated with the turbo-compressor unit. 
With such a pump it is necessary to supply an overhead 
feed tank. With the turbine in operation, the engine- 
driven feed pump delivers the feed through a first -stage 


Trials at sea have | 
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heater, furnished with steam from the low-pressure 


cylinder exhaust, to the overhead tank. The rotary 
feed pump draws it from here and then passes it 
through the second- and third-stage heaters to the 
boilers. With this combined system the production of 
as high a vacuum as possible is necessary for the 
attainment of maximum economy. 

There are further possibilities in the attainment of 
increased efficiency and reduced weight by the employ- 
ment of high-speed reciprocating engines combined 
with gearing, and success in this direction has been 
attained in many instances. There are also possibilities 
of the combined high-speed reciprocating engine and 
the exhaust turbine both driving through gearing to 
the propeller shaft. Successful examples of this 
system, characterised by high efficiency, have been 
made by Messrs. The White Marine Engine Company, 
Hebburn-on-Tyne. It would also appear that simplicity 
of manufacture and increased efficiency might also be 
obtained through omitting the low-pressure cylinder, 
using only two expansion stages in the engine and 
giving a greater output to the turbine. All cylinders 
could be then of practically the same size—one high- 
pressure and two intermediate-pressure—and mass- 
production methods could thereby be facilitated. 

Boilers.—Some consideration may now be given to 
changes in the methods of steam generation. At the 
commencement of the period under review the Scotch 
boiler was almost universally employed for marine 
work, and few changes have been made since then in 
its general design. This type of boiler was first intro- 
duced by Messrs. Randolph and Elder in 1862 and 
was installed in the McGregor Laird. In my early 
experience few vessels were fitted with evaporators, 
and through leaky condensers and make-up feed the 
amount of salt in the water was generally excessive. 
Scale deposit was inevitable and burnt-out tubes and 
dropped furnace crowns common. Gradually the 
advantages to be obtained from a pure feed were 
recognised and in some of the modern boilers the 
precautions necessary to attain that end are of the 
most elaborate type. The principal changes in the 
Scotch boiler are the adoption of mechanical stokers 
and the addition of superheaters. The latter in various 
forms are now fitted to the majority of Scotch marine 
boilers and the former are more widely used than is 
generally imagined. An excellent account of the use 
of mechanical stokers with marine boilers will be found 
in a paper given to the Institute of Marine Engineers 
(1937-38) by Mr. G. T. Marriner. 

In boiler design fifty years ago, little science was 
exercised. An allowance of so many square feet 
of heating surface per indicated horse-power for natural 
draught, and a lesser value for forced draught, were 
the main factors to be borne in mind ; experience and 
the rules of the Board of Trade or the registration 
societies settled the rest. Ultimately the necessity for 
weight reduction and increased efficiency compelled 
the engineer to call in the aid of the scientist and to 
make use of laboratory research. To understand 
modern developments some attention must be given 
to the manner in which the heat of combustion is given 
up to the heating surface and then transmitted to the 
water, steam or air. Nothing is so notable in the 
modern steam generator as the large proportion of the 
surface that is designed for the reception of radiant 
heat. In land installations this is specially marked, 
but even in some marine examples it will be found that 
all sides of the combustion chamber are lined with 
tubes which receive nearly all of their heat by radiation 
from the burning fuel. The remainder of the heat 
produced by combustion is absorbed by convection, 
but the laws relating to heat transference under con- 
vection conditions have been, until recently, little 
known to engineers. The first expression of these 
laws was made by Professor Osborne Reynolds in 
1874, when he showed that, apart from radiation, the 
quantity of heat imparted by a fluid to an adjacent 
surface was proportional to the rate at which particles 
or molecules pass backwards and forwards from the 
surface to any given depth within the fluid. From this 
it became evident that the amount of heat transmitted 
from the gas to a given surface per unit of time was 
proportional to the product of the speed and density 





| of the gas and the temperature difference between gas 


and metal walls. Obviously, for high rates of heat 
transmission, high gas speed is desirable. Experiment 
has shown that water is easily capable of taking from 
the heating surface all the heat that the gases can put | 
into it. Also, that once the water is circulating over 
the surface at a reasonable speed, increase of water 
velocity has little effect upon the heat transmission 
rate. But, with high rates of heat transference from 
the gases, rapid evaporation follows, with the result | 
that over part of the heating surface the heat is being 
received by a water-steam mixture. If little water is | 
present overheating will take place unless the velocity | 
The importance of a positively | 
controlled circulation where high heat-transmission rates 
are required is clearly indicated. 

(To be continued.) 


THE DETECTION OF CARBON 
MONOXIDE. 


CaRBON monoxide is not detectable by the senses, 
so that, unless its presence is suspected, or its effects 
are immediately recognised by anyone inhaling it, 
the danger from it is extreme. Shortness of breath, 
palpitation on exertion and incipient headache are 
symptoms which a person whose attention is already 
occupied can attribute to so many alternative causes 
that, should he fail to ascribe these first symptoms of 
carbon-monoxide poisoning to the correct source, 
ensuing effects in the shape of failing mental and 
muscular power will quickly deprive him of the ability 
to escape into fresh air. The gas results from the 
incomplete combustion of any carbonaceous substance 
and is well known to be produced industrially in 
many chemical works, brick or lime kilns, foundries, 
blast-furnaces, gas works and coke ovens, and also 
during the operation of gas producers and in the 
production of water gas. It may be produced unsus- 
pectedly and, therefore, even more dangerously, in 
the exhausts of internal-combusticn engines, by geysers 
or by the inefficient combustion of coal. 

While a concentration of 1 part of CO in 10,000 
parts of air may be considered to be relatively harmless, 
a concentration as low as 1 in 2,000 may prove fatal 
to anyone actively employed for about an hour in 
such an atmosphere. The various portable instru- 
ments commonly used to detect carbon monoxide are 
frequently open to the objection that they are rendered 
inaccurate by wayward air currents, and by the 
intrusion of other gases, which may stain the palladium 
chloride test-paper where this is used, while the 
preparation of the reagent for use in the Hoolamite 
test is relatively complex. In developing a standard 
method of detection for this gas, therefore, the Depart- 
ment of Scientific and Industrial Research has designed 
an apparatus in which a 5-litre aspirator draws samples 
of the air under test, first through a tube of activated 
charcoal to remove interfering gases and then, at a 
slow and constant speed, through the impregnated 
test-paper. The stains produced on the test-paper 
in a measured time are compared with shades on a 
standard colour chart, from which the concentration 
of gas can be determined promptly by reference to a 
table on the chart itself. In this way, concentrations 
of 1 part in 500 can be traced in less than two minutes, 
and concentrations of 1 in 10,000 within half an hour. 
A pamphlet recently added to the Department's series* 
fully describes the preparation of the palladium-chloride 


| reagent and test-papers, the apparatus to be used and 


the method of using it. Drawings given should enable 
an average workshop to make the instrument, and 
a standard colour chart accompanies the description. 
It is pointed out that the primary object of the test 
is to give a rapid indication of the safety or otherwise 


| of the atmosphere and that, with this apparatus, such 


an indication may be obtained by comparatively 
unskilled personnel. 








THE CANADIAN WOOD-PULP AND 
PAPER INDUSTRY. 


As was to be expected, the war has profoundly 
affected the position of the Canadian wood-pulp and 
paper industry, but the present situation, although 
complicated to some extent, is definitely more favour- 
able than it was prior to September, 1939. The main 
product of the Canadian mills is newsprint paper and 
the United States is the principal purchaser of this 
product, taking upwards of 80 per cent. of the Domi- 
nion’s total production. Statistics compiled by the 


| Royal Bank of Canada, Montreal, show that the 


demand has increased substantially in recent months, 
imports from Canada during the first 11 months of 
1939 amounting to 1,990,694 tons, compared with 
1,704,036 tons in the corresponding period of 1938. 
It is anticipated that the total for 1940 will show 
further increases. The United States also normally 
imports annually some 2,000,000 tons of wood pulp 
for paper manufacture, Canada supplying about a 
third of this quantity and the remainder being furnished 
by Scandinavian countries. Recent uncertainties in 
the production, and, more particularly, in the ship- 


|ments of supplies from Scandinavia appear to have 


not so much benefited Canadian producers as to have 
given an impetus to the home industry in the United 


| States, it being stated that many of her pulp mills 


are operating at or above their rated capacities and 
that a number of idle plants have resumed production. 

The United Kingdom is ordinarily a large importer 
of paper and wood pulp, but, as is well known, imports 
of paper-making materials are now only permitted 
under licences issued by the Paper Control Board. 














* Methods for the Detection of Toxic Gases in Industry. 
Leaflet No. 7. Carbon Monoride. London: H.M. 
Stationery Office. [Price 1a. 6d. net.) 
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Moreover, the Ministry of Supply has taken over all 
stocks of wood pulp, and has encouraged a policy of 
economy in the consumption of paper, the net result 
of these measures, coupled with the activities of paper 
manufacturers in the United Kingdom, being that 
imports of paper into Great Britain will be on a 
restricted scale for the duration of the war. Australia 
and New Zealand depend largely upon imports for their 
supplies of newsprint and other papers, but little or 
no increase in the demand is anticipated during 1940, 
as purchases by these Dominions will be affected by 
higher shipping costs. On the other hand, South 
American countries have increased their imports from 
Canada in the past few months, as a result of the 
uncertainty of Scandinavian deliveries, but it is felt 
that exports from provinces in Canada to this market 
will probably have to meet increasing competition 
from Newfoundland. 








OIL-LESS METAL-CLAD SWITCHGEAR 
FOR MEDIUM-VOLTAGE ALTERNA- 
TING-CURRENT CIRCUITS. 


In a paper on “ Oil-less Metal-Clad Switchgear for 
Medium-Voltage Alternating-Current Circuits up to 
660 Volts Three-Phase,’ which was read before the 
Institution of Electrical Engineers on Thursday, 
March 7, Messrs. H. E. Cox and L. Drucquer remarked 
that, with the present limit of modern circuit-breaker 
rating set at 2,500,000 kVA at voltages up to 280 kV, 
it was natural to look with indifference at apparatus 
with a rating of only 25,000 kVA, operating at 400 
volts. This indifference was helped by the relatively 
less spectacular results of failure and the limited loss 
of service, consequential damage and injury to person- 
nel. It was a little surprising, therefore, to realise 
that the short-circuit current which had to be dealt 
with in the case of the 400-volt breaker was about 
35,000 r.m.s. amperes, as compared with 5,000 r.m.s. 
amperes in the 280-kV breaker, i.e., the smaller 
apparatus had to deal with seven times the fault current, 
which was capable of producing 50 times the mechanical 
stresses. 

The electrical requirements which had to be met 
by this class of switchgear might be briefly indicated 
as follows : The voltage range was confined to an upper 
limit of 660 volts alternating current and the load 
current rating varied from 5 amperes to 4,000 amperes. 
Tests showed that the performance of medium-voltage 
breakers at a given breaking current varied very little 
as the voltage altered from 220 volts to 660 volts. 
This followed logically, first from the fact that the arc 
on the first phase to clear could be made to extinguish 
at the first available current zero and, secondly, from 
the fact that the arc energy depended upon current 
and time only and not upon the circuit voltage. Such 
apparatus, therefore, tended to have a constant 
breaking-capacity current rating at various voltages 
and not a constant breaking-capacity kilovolt-ampere 
rating. It was thus logical to define the breaking- 
capacity rating of such equipment in r.m.s. amperes, 
a figure which remained constant with variations in 
service voltage between 220 volts and 660 volts. The 
upper limit of short-circuit current in medium voltage 
networks could be regarded as about 44,000 symmetrical 
r.m.8. amperes, which was equivalent to 50,000 kVA 
at 660 volts. In view of this exceedingly high fault 
current, it was essential that the circuit should be 
cleared as rapidly as possible to reduce the burning 
of contacts and limit the damage at the fault to a 
minimum. Two very important requirements of the 
contacts were that they should be able to close on faults 
of full rupturing capacity without welding or undue 
burning at least twice in succession, and that they 
should be able to withstand repeated closing and open- 
ing at currents in excess of their normal full-load 
rating. The arcing structures must also withstand 
the opening operations. The performance should 
be such that the breaker could be totally enclosed, 
preferably in an earthed metal enclosure of small 
dimensions. The ability of the gear to withstand 
through short-circuits up to its rating for periods up 
to 5 seconds was of importance when any attempt was 
made to provide discriminative protection. It was 
desirable to reduce the possibility of electrical failure 
resulting in a fire to a minimum. 

Modern oil circuit breakers had been successfully 
constructed to meet the majority of the above require- 
ments, but could be criticised in respect of relatively 
severe contact burning with frequent switching at 
currents of the order of normal up to ten times full 
load. Their total break time was relatively long and 
the fire hazard was high. It was unnecessary to use oil 
for medium voltages since air could be employed in its 
free and natural state. Carbon-block contacts were not 
capable of being used on modern high rupturing-capacity 
alternating-current circuits as, although interruption 
at very high values of short circuit might be obtained, 
the arc lengths were considerable and strikes to earth 





| or between phases were probable. The operation of 


the usual air circuit breaker when closing on short- 


| circuit left much to be desired, and the nature of its 


construction and mounting militated against its success- 
ful inclusion in metal-enclosed switchgear. It was 
recommended, however, that the circuit breakers em- 
ployed should be of the air-break type. The require- 
ments of alternating and direct-current operation were 
fundamentally different. In general, the rupture of a 
direct-current arc was more difficult than that of an 
alternating-current arc in which the alternating 
current became zero twice every cycle. On the other 
hand, the current-making problem with alternating 
current was much more difficult than with direct 
current because the first loop of current could reach 
2} times the breaking capacity current, whereas the 
direct-current breaker had only to deal with a current 
equal to its rupturing capacity. Since the electro- 


| magnetic forces were proportional to the square of the 


current, they amounted to six times as much with 
alternating current as with direct current and the 
problems of contact welding were correspondingly 
greater. For a given rupturing capacity, therefore, 
the direct-current breaker was characterised by com- 
paratively light mechanism and contacting parts 
and a more or less large and elaborate arc chute, circuit 
interruption being entirely dependent on the rapid 
lengthening of the are within the chute to such a 
value that the circuit conditions were incapable of 
maintaining it. On the other hand, the alternating- 
current breaker required a robust mechanism and 
contact parts, but the blow-out structure could be 
relatively small and simple in form. 

Breakers of the type under consideration could be 
conveniently arranged in three groups, of which the 
first were of small current capacity, say, of 5 amperes to 
60 amperes, and were chiefly used for direct-on-line 
motor starting. These were always fitted with some 
form of series tripping and might be closed and opened 
several times per hour. Such breakers required a total 
life of more than 10* operations. They must be suitable 
for inching duty on motors taking starting currents up 
to seven times full-load current. The second group 
consisted of medium capacity breakers, say, of 60 
amperes to 400 amperes. These were used for starting 
motors in conjunction with some form of control gear 
where they were operated several times per day and 
required a total life of 105 operations. They might 
also be used on distribution boards and were fitted with 
series trips only. The third group comprised the large 
current capacity breakers, say, from 400 amperes to 
4,000 amperes, which were required on large distri- 
bution boards and were tripped by relays on series 
trips with definite minimum time delay in order to 
obtain discrimination. These only required a total 
life of about 10* operations. 

The detail design of these breakers varied quite 
considerably. As those in the first group were mostly 
used to control individual pieces of apparatus, under- 
voltage releases were nearly always required, and 
facilities for remote control and interlocking were 
desirable. These requirements were best met by 
magnetically closing the breakers and using the closing 
coil to hold it in. By energising the closing coil from 
the line side of the circuit which the breaker controlled, 
an under-voltage release feature was obtained, Series 
trips with long time lags amounting to one or more 
seconds at seven times full load were required for 
direct-on-line motor starting. This requirement was 
best met by the use of thermal trips of the bimetal 
type, indirectly heated in the lower capacities. The 
indirectly heated trips must be augmented by instan- 
taneous magnetic series trips to afford protection on 
short-circuit, as otherwise there was danger of the 
heating elements acting as fuses before the bimetal 
trip had tripped the breakers. These breakers were of 
strictly limited rupturing capacity, which could only 
be economically made 15 times to 20 times the full- 
load current capacity. Thus, a 30-ampere breaker had 
a rupturing capacity not exceeding 450 kVA at 440 
volts. This rupturing capacity would be exceeded in 
a large number of locations where such a breaker was 
demanded. It was, therefore, essential that it should 
be made suitable for use on high rupturing-capacity 
circuits when protected by high rupturing-capacity 
current-limiting fuses. To meet this requirement, the 
breakers must withstand without damage both the 
magnetic and the thermal effects of the current impulse 
permitted by the largest size of high rupturing-capacity 
fuse with which they would be used. The contact 
design was determined by the requirements that they 
should be capable of repeatedly making and breaking 
motor starting currents, and should be able to close 
on to the maximum peak current permitted by a high 
rupturing-capacity fuse when closing on to a 25,000- 
kVA prospective short circuit. In such cases, the 
requirements of thermal rating could be reduced to 
some value in excess of the fuse time rating. The 
contact life when making and breaking the motor 
starting current should not be less than 10* operations 
before renewal. 








The breakers in the second group had many points 
in common with those in the first, but their larger 
sizes led to slight differences in design. In view of the 
fact that they were larger and were used on distribution 
boards, where they might remain closed continuously for 
periods ranging from half a day to a week, or even 
longer, it was desirable to fit them with a direct hand- 
closing handle with optional electrical closing of the 
mechanically latched-in type, and not the electrical 
hold-in type. This design required a separate under- 
voltage release if such a feature were desirable. Thermal 
trips of the directly-heated bimetal type were most 
suitable for these breakers, as they gave time lags 
which were long enough for motor starting and other 
duties, and yet not so long that they made it difficult 
to arrange for discrimination with the feeder breakers 
and high rupturing-capacity fuses controlling them. 
The 400-ampere breaker with a rupturing capacity of 
20 times the full-load current would only be suitable 
for circuits with a prospective short-circuit not exceed- 
ing 6,000 kVA unless it was protected by high rupturing- 
capacity fuses. This group of breakers must, therefore, 
also be suitable for use in series with high rupturing- 
capacity fuses, and hence could be designed for a 
thermal capacity which allowed a reasonable margin 
over the time rating of the fuse. 

The breakers in the third group differed very con- 
siderably from those in the other two. Their greatest 
application was on main distribution boards, so that 
they had to work in conjunction with relays or series 
trips with considerable time delays, even at the full 
rated short-circuit, in order to ensure discriminative 
tripping against other breakers nearer the ultimate 
consuming device. This meant that they could 
not be used in series with high rupturing-capacity 
fuses, so that they had to be designed for the full 
rupturing capacity of the system at the point of 
application. The closing mechanism should be such 
that either direct hand or electrical closing could be 
obtained. Tripping should be by current transformers 
in conjunction with direct-acting trip coils and time- 
limit fuses or relays, with a definite minimum time- 
delay. It might also be by means of series trips with 
a definite minimum time-delay or where discrimination 
was not required with instantaneous short-circuit 
tripping. In order to meet these requirements, the 
breaker should be able to close on to and latch against 
a peak current of 2-55 times the rated rupturing 
capacity current. It should be able to carry its rated 
short-circuit current for not less than 1 second, and 
preferably for 5 seconds. The contacts should not lift 
or “‘ splutter””’ on a through short-circuit with a first 
peak of 2-55 times the rated rupturing-capacity current. 

The best form of are contacts to meet all the above 
requirements, particularly for motor starting and 
inching duty, was the butt or contactor type. Tests 
on contact arrangements in which the magnetic loop 
effect and pinch effect blew off the contacts showed 
that serious welding and burning of the points of contact 
occurred at as low as 15,000 (peak) amperes. Better 
performance could be obtained by carefully bedding 
the contacts, but as after the first opening operation 
the surfaces were all pitted and burned, such Hedding 
was of no practical value. Considerable improvement 
is obtained by a modification such as that shown in 
Figs. 1 and 2, page 384, where the loop blow-off effect 
from b to c was reversed at the pivot b and counteracted 
the current pinch and blow-off effect from 6 to a. Such 
contacts, with reasonable spring pressure, could carry 
20,000 amperes satisfactorily without spot welding 
taking place. Up to 25,000 (peak) amperes only very 
slight spot welding took place, which was easily Bones 
by the inherent wipe or shear action of the contacts on 
opening. The only practicable way of improving this 
performance was to use such high contact pressures 
that considerable crushing of the metal at the contact 
points occurred. Increasing the thermal capacity of 
the contacts by increasing their size did not effect 
any improvement in respect of non-welding. The most 
economical way, therefore, to deal with peak currents 
of more than 25,000 amperes was to resort to multiple 
contacts. The upper limit of 25,000 amperes per 
contact was true only of breakers which were designed 
to close on to a short-circuit and latch home, i.e., were 
fitted with delayed or relay tripping devices. For 
breakers fitted with instantaneous tripping devices, 
by virtue of the short time that they had to carry the 
current, it was possible to increase the rating of a 
single contact to a figure of 50,000 (peak) amperes. 

Heat runs had demonstrated that arcing contacts of 
the kind shown in Fig. 1, when designed robustly enough 
to deal with 25,000 (peak) amperes, had a normal 
continuous-load capacity of 200 amperes. The effect 
of this was that once the rupturing capacity, and thus 
the peak-making capacity, of the breaker had been deter- 
mined, the number of arcing contacts was fixed, and, 
consequently, the normal continuous current-carrying 
capacity of the contacts were fixed, and it was not 
necessary to add main contacts unless it was desired to 
have a continuous capacity greater than this figure, Fig. 
3, page 384, showed an arrangement of main contacts, 
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which was suitable for use with the type of arcing 
contacts described above. Such contacts, when silver- 
faced, would again carry 25,000 (peak) amperes per 
contact satisfactorily. In this case, the magnetic 
blow-off effect was reduced to extremely small propor- 
tions by making the bridging member as short as 
possible and carrying the main lead-in conductors as 
far away as possible. Here, again, the main contacts 
must be subdivided in exactly the same way as the 
arcing contacts in the case of break shots, 
the main contacts had to carry the peak rating of the 
breaker, which occurred before the tripping impulse 
could released the breaker and transferred the 
current to the arcing contacts. 

The mechanism must fulfil four requirements : 
First, it must made strong enough to close the 
breaker against the electromagnetic forces associated 
with the peak-current rating of the breaker, and, at the 
same time, must overcome the very considerable | 
shearing forces involved in wiping the burned contacts. 
Secondly, in the case of it being power-operated, the | 
mechanism must not wreck itself when closed on | 
no-load with new contacts, the closing energy being | 
calculated to close the breaker fully against a short- | 
cireuit with burnt contacts. Thirdly, it must be 
correctly buffered at the end of the opening stroke so 
that the acceleration due to opening on short-circuit 
did not wreck it. Fourthly, it must be trip-free. 

Experiments had shown that to ensure arc rupture, 
the provision of an are chute was quite unnecessary. 
Without any are chutes, currents up to 37,000 amperes | 
were successfully broken in 24 cycles at 440 volts | 
recovery voltage. The arc was so uncontrolled, however, 
that it caused arcs to earth and between phases unless 
clearances and spacings were quite prohibitive. The | 
requirements of a successful arc chute were as follows : 
First, the minimum magnetic field should be applied | 
which was able to keep the are continuously moving | 
up into the chute and ensure that it was extended | 
sufficiently to extinguish at the first or second current | 
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zero. Any greater magnetic field than this unduly 
elongated the arc, developing unnecessary arc energy 
with the evil effects of high recovery transients due to 
pre-zero current suppression. Secondly, the distance 


between the plates of the chute should be small enough | 


to prevent the are unduly lengthening itself by zig- 
zagging, and yet it must be large enough to ensure that 
the free movement of the arc is not impeded by strangu- 
lation. 
the plates should equal the diameter of the are at its 
rated rupturing capacity. Thirdly, the horns should 
be of such a length that the cathode spots formed 


at their ends are far enough apart not to cause restriking. | 


Figs. 4 and 5 showed a horn and chute structure 
that met these requirements fitted to an 800-ampere 
breaker with four arcing contacts in parallel. It would 
be noted that no magnetic blow-out coil was provided, 
the inherent blow-out effect of the loop formed by the 
arc and its leads being more than sufficient to force 


| the arc into the chute at currents between 2,000 r.m.s. 


amperes and 37,000 r.m.s. amperes at 440 volts recovery 
voltage. It was found that below 2,000 amperes the 
magnetic field round the arc roots was insufficient to 
shift them once a cathode spot had been formed, and the 
are continued to burn indefinitely across ef. Taking 
a section across the horn at e, the condition obtained 
was illustrated in Fig. 6. The root of the arc was 
then acted on by a field proportional to the current 
divided by the perimeter. It was obvious that if the 


| perimeter was made one-fifth as great, the field could 


be increased to approximately five times the strength. 


This could be carried out in practice by splitting the | 
horn into five parts, as shown in Fig. 12, on page 388. | 


This simple modification made the breaker quite satis- 
factory down to zero current. A further improvement 
was obtained by making the horns of steel, thus again 


strengthening the field at the root of the arc. This form | 


of chute had a relatively mild action on the are and 
did not cause serious voltage rise on breaking. Fig. 7 
showed three cathode-ray oscillograms taken at approxi- 


In effect, this meant that the distance between | 





Fig.4. 
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Fig.8. PERFORMANCE OF 400/660V. 
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mately 27,000 arc amperes, 380 volts recovery voltage, 
| congo phase. It would be seen that the maximum 
| voltage did not exceed 1-8 times the normal. 

The effectiveness of the arc chutes was greatly 
increased by fitting correctly designed phase barriers 
between them. The arc in the are chute was accom- 
panied by the release of quite considerable arc energy, 
most of which was expended in heating up the neigh- 
bouring air to incandescence, resulting in high pressures. 
Some more of the energy was used up in volatilising 
the contacts and arcing horns. This resulted in 
incandescent air and metal vapour being ejected from 
the top of the are chute. On heavy currents, the are 
itself also partially left the top of the chute. It was 
necessary to ensure that these gases were cooled and 
the métal vapour condensed before they were allowed 
to strike metal or mingle with those from a neighbouring 





| phase. This could be conveniently carried out by 
|means of continuous U-shaped phase barriers which 
| formed an expansion chamber and directed the gases 


'down the sides of the chutes and cooled them by 
mingling with cold air. Fig. 11, on page 388, showed a 
suitable set of barriers applied to a 25,000-kVA, 
440-volt breaker. 

To give discriminative protection the tripping device 
must have a definite and adjustable tripping time even 
at the full rated short-circuit current. Provided the 
breaker had sufficient thermal capacity, this require- 
ment could be met by using current transformers and 
some form of relay such as an induction relay with 
| definite minimum time-delay. Such arrangements were, 
| however, inherently expensive and usually required 
an auxiliary tripping supply. 

The normal forms of series tripping devices using 
suction discs or oil dashpots were unsuitable as they 
became instantaneous at high overloads owing to 
cavitation between the disc or plunger and the oil surface. 
This difficulty had been overcome by an arrangement 
|in which the piston was pushed into the dashpot 
| instead of being pulled out, thus putting the oil into 
| compression. Breakers fitted with such dashpots could 
| be made to discriminate against one another and 
| against any high rupturing-capacity fuses which might 

be installed in series. 

Fig. 11, on page 388, showed a breaker designed for 
35,000 kVA at 660 volts three-phase, or 250,000 kVA 
br 440 volts three-phase. This was equivalent to 


| 








36,000 amperes (r.m.s.) symmetrical arcing current and 
92,000 amperes (peak) making current. Theoretical 
considerations suggested, and actual tests showed, that 
breakers of this type had a practically consistent short- 
| circuit current rating independent of the voltage. This 
meant that the rupturing capacity in kilo-volt amperes 
varied directly as the voltage. Thus, the breaker 
illustrated in Fig. 11 had a rating of 36,000 r.m.s. 
amperes, equivalent to 15,000 kVA at 230 volts, 25,000 
kVA at 400 volts, or 35,000 kVA at 660 volts. Fig. 8 
shows the curve of total break time plotted against 
| short-circuit current. A similar breaker was subjected 
to the following tests on an 800-volt three-phase low 
power-factor circuit: Make-and-break 1,400 amperes 
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| snbtntenianies’§ and (d) minimum hazard to adjacent 
| apparatus. The entire equipment should have all 
live parts enclosed in an earthed metal casing which 
| Was substantially dust-proof, moisture-proof, and 
| vermin-proof, This rendered the gear suitable for in- 
| stallation in any industrial location with the exception 
| of positions where explosive atmospheres occur. 
| The first requirement of safety of operation was 
| met by total enclosure, but this should be supplemented 
| by interlocks to ensure that operations were carried 
| out in the correct sequence and that access for main- 
| tenance to parts normally alive could be obtained only 
after proper isolation. The complete absence of oil 
| and the use of free air as an insulating medium reduced 
| fire hazard to a minimum. In addition, effective 
| gas barriers between the ’bus bar chambers of adjacent 
| equipments were essential to prevent any possibility 
|of arcs spreading between equipments. Each com- 
| partment, viz., circuit-breaker, ’bus-bar chamber, and 
| air circuit-breaker, should be effectively separated 
|from its neighbours, thus localising any possible 
damage due to electrical faults. Where breakers were 
| fitted, effective arc barriers between phases of the 
| breaker were essential and should be formed from con- 
tinuous sheets of insulation suitably supported to 
prevent arc-over between phases. To disperse any 
\ | gas products and prevent any possibility of rise in 
| pressure inside the containing case, spring-loaded pres- 
} | sure-relief vents should be incorporated in the top 
/ | of the circuit-breaker compartment, set to open at a 
‘| pressure value determined by test. 
| A complete solenoid-operated air circuit-breaker 
equipment which met these requirements was shown in 
Fig. 13, on page 388, while Fig. 9 showed the unit in 
| cross-section. In this the isolated position of the 
cireuit-breaker was indicated at g, while the current 
| transformers h, the terminal board, direct-current 
| control ’bus bar and control fuses are situated in the 
base. [t would be noticed that all live parts’ were 
enclosed in a sheet-steel housing provided with dust- 
proof covers to the ’bus bar and circuit chambers and a 
dustproof door to the circuit-breaker compartment. 
The circuit breaker was mounted on a panel and was 
isolated by hinging forward about the pivot m by the 














METAL-CLAD SWITCHGEAR. 
Fig.10. 
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1,000 times; make 400 amperes break 
200 times ; open and close, on no load, 800 times. 
the conclusion of these tests the contacts showed only 
slight burning, not more than 0-01 in. deep, while the 
are chutes showed no erosion. Fig. 14, on page 388, 
illustrated these contacts after the tests. The oil 


250 amperes | 


At | 











handle n, thus unplugging it from the ’bus bars and 
circuit. The handle » interfered with the door, so that 
it could not be opened until the handle was lowered, and 
once the door was open the handle could not again be 
raised. This equipment was rated at 25,000 kVA at 
400 volts. These air circuit breakers could be very 
simply adapted to double-’bus bar equipments. Fig. 10 
showed a cross-section of such an equipment. As before, 














breaker could only perform from one-twentieth to one- | by 
fiftieth the number of operations for the same amount | (72286) 
of contact erosion. 

High rupturing-capacity fuses up to 600 amperes | capacity to normal continuous current rating. These 
could now be safely used on circuits with a prospective | had to be designed to meet the following conditions : 
short-circuit current up to 36,000 r.m.s. amperes at | First, they must be able to meet their making-capacity 
440 volts. For circuits rated up to 10 amperes, open | rating without blowing-off or undue burning. Secondly, 
fuse wires in insulated holders were quite satisfactory | they must be such that an inherent arc blow-out effect | 
provided care was taken to prevent metal vapour and | was obtained without any multi-turn blow-out coils. 
are gas striking to earth or between phases. Fig. 15, | Thirdly, they must carry their continuous rating without | 
on page 388, showed a fuse which had been designed | overheating. A form of contact had been designed for 
with this point in view. For circuits rated above 10/| this purpose, multi-contacts being used to subdivide 
amperes, it was necessary to resort to the cartridge form | the current above 10,000 (peak) amperes. The good 
of fuse, in which the current was carried by many | current-making and breaking characteristics were 
parallel elements, all embedded in an arc-quenching | obtained by using butt contacts with a wiping action 
powder. These fuses acted so quickly that they cut off | upon closing. 
the short-circuit current before it reached its maximum | While the quick-make and quick-break mechaniams | 
or prospective value. | which were very common on low-duty switch-fuses were | 

It was now quite common to have motors as small as | satisfactory for certain applications, they were not | 
5 h.p. connected on to a system with a short-circuit | suitable for the high-duty switch-fuse. Such mecha- | 
rating of 25,000 kVA. Such a motor could be controlled | nisms failed because they were unable to force the|and the design of electrical contacts allowed the 
by a circuit-breaker rated at 10 amperes, fitted with | contacts right home when they had been burned by | switch to be closed safely on to a fault having a pros- 
10-ampere thermal trips. This breaker would not) repeated current-making and breaking. This failure | peetive short-circuit current equivalent to 25,000 kVA. 
interrupt an r.m.s. short-circuit current in excess of | was due to the roughening and presence of copper| The chief essential in this class of gear was the rapid 
200 amperes, whereas the circuit could deliver up to | beads. Many cases were on record where the switches | replacement of blown fuse-links ; and safe easy access 
36,000 r.m.s. amperes, and 92,000 (peak) amperes.| had been entirely wrecked through beads on one| to the fuse-link compartment must be provided. The 
When a 30-ampere high rupturing-capacity fuse was | contact holding the other faces so that they were | use of thumbscrew versus standard nut connections 
placed in series with such a breaker, the current-| only just touching, with resultant continuous arcing | for the fuse-links was debatable, there being arguments 
limiting effect of the fuse limited the short-circu't | from the load current. A better type of mechanism | for each school of thought. Effective barriers between 
current to within the through-current capacity of the was that in which the circuit was positively made | phases of the actual contacting members of the switch 
breaker. under the control of the operator but had a quick-| were provided by the arc chutes associated with each 

A large number of circuits, such as lighting, heating, | break feature. This was the arrangement which | phase, while the *bus-bar supports between equipments 
and feeders to distribution boards and groups of motors,| had been used universally on hand-operated oil| provided effective barriers which, by preventing the 
and, in special cases, direct-on-line starting induction | circuit-breakers. | spreading of gas, restricted faults to the originating 
motors, could be controlled by switches in series with! Before the unit apparatus previously described | equipment. No actual barriers were required between 
high rupturing-capacity fuses without any further | could be applied to industry, it was necessary to collect | the high rupturing-capacity fuse-links; such fuses, 
automatic features. For many of these circuits the | and assemble the components into complete switchgear | being of the filled and shielded type; acted as their own 
ordinary switch-fuse, capable of making and breaking | equipments, which, in turn, must be suitable for assemb- | barriers. Repeated short-circuit testing of such devices 
only 1} times its continuous rated current, was quite | ling into various combinations, thus forming complete | had proved their ability to function correctly and 
inadequate. Large incandescent electric lamps had | switchboards. Apart from the requirements of each | quietly, with no tendency to produce external flame or 
a current inrush of 7 times to 10 times the final current component piece of apparatus, the majority of which | gas. _ 
and, when inching direct-on-line starting induction | were allied to performance, certain general principles! The *bus-bar chambers for use with these switch- 
motors, up to 10 times full-load current might have to | of switchgear design had been firmly established by | fuses, which were of unit construction and were bolted 
be made and broken. The switch must also be capable | experience. Such principles, while varying in some | together, were supported either by floor-mounting 
of making and carrying the short-circuit current per-| degree dependent on type, service, and duty of the | pedestals or by wall-mounting brackets, and formed a 
mitted by the maximum size of fuse that could be | switchgear, could be reduced to fundamentals and, | self-supporting structure. The switch and fuse units 
accommodated in the switch-fuse. The effect of this | in the specific class of gear with which this paper was! were bolted either above or below the "bus bars, the 
was to convert the switches to the equivalent of non- | concerned, could be defined as follows: (a) Enclosure | position being dictated by the layout required. Instru- 
automatic circuit breakers with a low ratio of rupturing | of live parts; (5b) safety of operation; (c) ease of ments could be accommodated in specially shaped 


isolation was obtained by hinging the breaker forward 
about the hinge point m. In this case, however, the 
hinge point m was pivoted on the lever arms 0, so that 
when the breaker was in the unplugged position it 
could be bodily raised or lowered to bring it opposite 
either the lower or the upper ’bus bar, thus effecting 
*bus bar selection. In this illustration, the upper and 
lower ’bus bars were indicated at p and q, respectively, 
the selector handle at r and the isolator handle at s. 

A complete switch-fuse unit embraced a 200-ampere 
non-automatic air-break switch and high rupturing- 
capacity fuses. When the cover was on, the case 
was divided into two compartments by an insulating 
barrier, the switch being located in one part and the 
fuses in the other, access to the latter compartment 
being obtained through a hinged-front lid. The 
operating handle was brought to the outside of the 
case, all live parts being enclosed and the necessary 
interlocks provided to ensure complete safety to the 
operator. The proportions of the closing mechanisms 
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attachments which fitted either above or below the 
units, depending upon requirements. Where the 
switch-fuse unit was required for motor starting, it 
was preferable to incorporate an additional switch to 
act as’ bus-bar isolator, thus allowing the motor-starting 
switch and the fuses to be examined and maintained 
without shutting down the ’ bus bars. 

In order to obtain discrimination between air circuit 
breakers controlling incoming circuits or outgoing 
feeders and switch-fuses controlling individual pieces 
of apparatus, it was necessary to ensure that the 
air circuit breakers had a definite minimum time delay, 
even at the full system short-circuit current. In 
general, this requirement was not met by time-delay 
fuses shunting direct-acting trip coils or by suction 
diac or dashpot time-lag devices as these all tended to 
become instantaneous on short circuit, even when due 
allowance was made for the saturation of current trans- 
formers in the former case. It had been usual to over- 
come this difficulty by fitting induction overload relays 
operated by current transformers. A much more 
economical, although slightly less flexible, arrangement, 
was to use compression-type oil dashpots in which the 
dashpot plunger was forced into the pot instead of 
being pulled out. This meant that, however great the 
tripping force, the oil must be forced past the plunger, 
and it was not possible for the plunger to be pulled out 
instantaneously by forming a vacuum between its 
lower surface and the oil. As already mentioned, 
whenever such devices were fitted the breaker should 
he able to make and hold its rated short-circuit current 
for a period not less than one second. 








ANNUALS AND REFERENCE BOOKS. 


Bulletin de lAssociation Technique Maritime et 
Aéronautique, 1939.—The 43rd annual general meeting 
of the Association Technique Maritime et Aéro- 
nautique was held from June 6 to 9 of last year, in the 
hall of the Association, 7, Rue de Madrid, Paris, and 
the volume giving an account of the proceedings has 
recently been issued, This is published by Messrs. 


Firmin-Didot et Cie., 56, Rue Jacob, Paris, and 
bears the title Bulletin de l’Association Technique 
Maritime et Aéronautique, Tome 43 (1939). In the 


course of his opening remarks at the meeting, the 
President, Mr. Max Bahon, gave an historical review of 
the progress made during the twelve months which had 
elapsed since the preceding general meeting, in the 
navies, merchant marines and aviation of the main 
countries of the world. He called attention to the 
development during the period under consideration in 
anti-aircraft armament of capital ships, cruisers and 
destroyers, and stated what new naval units had 
been put in hand or completed during that same period 
in France, Great Britain, Germany, Italy, the United 
States, Japan and Russia, in so far as information 
could be arrived at in the case of several of these 
countries. With reference to merchant ships, Mr. 
Bahon stated that the gross tonnage launched through- 
out the world in 1938 amounted to 3,033,593 tons, an 
increase of 343,000 tons over that launched during the 
preceding year. The total world tonnage of merchant 
ships launched had increased every year since 1933, 
in which year it had fallen to the very low figure of 
489,000 tons only. Since 1938, however, there had 
occurred a certain slackening in merchant-ship orders ; 
but, nevertheless, great activity in the shipbuilding 
yards of Germany, Japan, Sweden and Denmark had 
been a prominent feature. There had been a falling-off 
in merchant-ship construction in France compared 
with the greater activity displayed in some other 
countries ; this had been made up to some extent by 
the purchase abroad of several vessels, notably tank 
ships of recent construction, and by the placing of con- 
tracts with foreign shipbuilding yards for several new 
ships. Internal-combustion engines had continued to 
preponderate for marine propulsion. In the grand total 


of 3,033,593 tons above stated, launched in 1938, the | 


ships propelled by internal-combustion engines had a 
tonnage of 1,823,600 tons, equal to 60 per cent. (55 per 
cent. in 1937), while the stean\-propelled ships launched 


A liner of about 21,000 tons, which had been launched 


in a Dutch yard, was driven by eight Diesel engines | 


of 4,000 h.p. each, driving two propellers through 
reducing-gear and electro-magnetic couplings, four 
engines being made to drive each propeller shaft ; 
the arrangement prevented the propagation of high- 
frequency vibrations proceeding from the propellers 
or from the engine sets. Mr. Bahon called attention to 
the advantages which resulted from welding in the 
building of ships’ hulls, a method of construction which 
was becoming generalised. With reference to aero- 


nautics, he recalled the great developments achieved in 
military aviation, and mentioned various records made 
down to the date of the meeting. The papers read and 
discussed numbered 25. 


| appropriate 
in the same year amounted to 1,152,543 tons, equal to} 
a proportion of 38 per cent. of the total tonnage. | 








































































ENGI ING. 


NEER 


TENDERS. 


WE have received from the Department of Overseas | 


Trade, Great George-street, London, S.W.1, particulars 
of the undermentioned tenders, the closing dates of 
which are as stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference numbers given. 
Telemeter'ng and Summation Equipment for installation 
Spencer-street Power Station. City Electricity 
Melbourne, Australia; May 13. (T. 


at 
Department, 
16,924 /40.) 

Air Valves, 21, of the double-ball type, for automatically 
releasing air from 30-in., 39-in., and 60-in. internal 
diameter steel concrete-lined water mains, in continuous 
use, except for periods of repair or scouring. 
Water Department, Singapore; May 1. (T. 17,725/40.) 

Cables, single-core, paper-insulated, lead-covered ; also 
rubber-insulated, lead-covered cables. City Electricity 
Department, Cape Town; May 1. (T.Y. 17,884/40.) 

Road-Construction Plant, comprising a road-making 
machine, a degreasing plant, a universal grinder (6 in. 
by 24 in.) and an air compressor (60 cub. ft. to 80 cub. ft. 
per minute at 125 Ib. to 150 Ib. per square inch). Cape 
Provincial Tender Board, Cape Town; April 26. (T. 
17,886 /40.) 

Cane-Sugar Machinery. With reference to the call for 
tenders for cane-sugar machinery for equipping a factory, 
noted on page 718 of our previous volume (December 29, 
1939), we now learn that the Ministry of Industry and 
Mines, Teheran, Iran, has postponed the closing date 
(originally March 1) until April 29. (T. 23,403/39.) 








BOOKS RECEIVED. 


Ministério de Comércio e Com- 
Trabatho Industrial. No. 148. 


Republica Portuguesa. 
unicacdes. Boletim do 


Servico Metroldgico. Ano de 1929. Nos. 151, 155, ) 
158 to 160 (combined). Servico Metroligico. Anos de 
1930, 1931, 1932 and 1934 to 1936. Lisbon: Editorial 


Impéro, Limitada. 

Institut Scientifique d’FEtudes des Communications et des 
Transports. et Travaur. Un Aspect du 
Probléme Ferroviaire Francais. By GEORGES HARCAVI. 
Paris: Librairie du Recueil. 

The Institution of Railway Signal Engineers. Proceedings. 
1939. Part I. Reading: Greenslade and Co. (Read- 
ing) Ltd. [Price 7s. 6d.) 

Canada. Department of Mines and Resources. Bureau 
of Mines. Memorandum Series, No. 74. Physical and 
Chemical Survey of Coals from Canadian Collieries. 
Nova Scotia. Inverness County Coalfield. By R. A. 
STRONG and others. Ottawa: Department of Mines 
and Resources. 

English-Turkish Technical Dictionary. By DR. 
Scipio. Istanbul: Dr. L. A. Scipio, Dean of Engin- 
eering, Istanbul American College (Robert College), 
Bebek P.K. 8. 

Elasticité et Photoélasticimétrie. By HENRI LE Borrevx 
and Ropert Bovssarp. Paris: Hermann et Cie, 
6 rue de la Sorbonne. [Price 180 francs.) 

Metallurgical and Industrial Radiology. By K. 8. Low. 


Mémoires 


London: Sir Isaac Pitman and Sons, Ltd. [Price 
7s. 6d. net.) 

The Switchgear Handbook. Volume II. Application. 
Editors: W. A. Coates and H. Pearce. London: 


Sir Isaac Pitman and Sons, Ltd. [Price 21s. net.] 








THE CONTROL OF IRON AND STEEL.—The Minister of 
Supply has made an Order, entitled the Control of Iron 
and Steel (No. 8) Order, which came into force on April 8, 
superseding the (No. 6) Order, made on January 29, 
1940. Under the provisions hitherto in force, certain 
classes of purchasers were exempted from the licence 
requirement when purchasing steel for specified purposes. 
In future, however, for the products included within the 
new distribution scheme, this exemption will be limited 
to purchases covered by a symbol, and contract or 
reference number, the use of which is authorised by the 
Government Department. Although the 
Order came into force on April 8, the operation of the 
Direction in connection with the new scheme is post- 
poned, in the case of future orders, until Monday, 
April 29, and, in the case of old orders, until May 31. 


Attention is called to the fact that, under the new 


Direction, all licences for steel products covered by the | 


distribution scheme, heretofore issued to stockholding 
merchants, are revoked. These, 
forthwith returned to the Iron and Steel Control, arrange- 
ments having been made for their immediate replacement 
by new licences. All other existing licences remain in 


operation, subject to the provisions of the new distribu- 


tion scheme. Increases in maximum prices have been 
fixed for Crown iron, colliery arches, galvanised sheets, 
tubes and pipes, certain types of wire and wire products, 
steel castings, railway coil and laminated springs, and 
other highly-finished products, 





Municipal | 


L. A.| 


therefore, should be | 








APRIL 12, 1940. 


PERSONAL. 


THE University of Oxford has conferred the honorary 
degree of D.Sc. on Dr. E. V. APPLETON, formerly Wheat- 
stone Professor of Physics, King’s College, London, and 
Jacksonian Professor of Natural Philosophy, the Univer- 
sity of Cambridge, and now Secretary of the Department 
of Scientific and Industrial Research. 

Srrk HAROLD CARPENTER, F.R.S., Professor of Metal- 
lurgy at the Royal School of Mines, South Kensington, 
has been awarded the gold cup and 3001. which constitute 


| the Honda Prize of the Metallurgical Society of Japan. 


He is the first foreigner to have received the award. 

Mr. MICHAEL Dewar, chairman, and Mr. F. J. 
Pascoe, financial director, of Messrs. British Timken, 
Limited, Cheston-road, Aston, Birmingham, have been 
elected to the board of Messrs. Fischer Bearings Company, 
Limited, Upper Villiers-street, Wolverhampton. 

Mr. J. E. Spear, previously sales manager, engin- 
eering division, of Messrs. British Timken, Limited, has 
now been placed in charge of a new department which 
will be responsible for the planning, control and the 
progress of production. 

Mr. F. W. Lawton, M.I.Mech.E., M.I.E.E., has been 
appointed deputy chief engineer and manager of the 
Birmingham Electric Supply Department. Mr. Lawton 
has been on the staff of the Department since 1914, and 
has been especially connected with the construction of 
Hams Hall A and B power stations. 

Mr. W. DunpDas, M.I.E.E., A.M.I.Mech.E., will succeed 
Mr. THOMAS ROLES, M.I.E.E., city electrical engineer and 
manager of Bradford, when the latter retires next June. 
Mr. Roles first joined the Department in 1904, and has 
been chief engineer since 1907. Mr. Dundas has been 
deputy city electrical engineer since 1929. 

Mr. E. F. Westwoop, chief technical assistant to the 
Mid-Southern Utility Corporation, has been appointed 
borough electrical engineer of Morecambe and Heysham. 

Mr. C. H. YEAMAN, who has been city electrical 
engineer of Stoke-on-Trent since 1910, retired on Satur- 
day, March 30. His place will temporarily be taken by 


|Mr. H. L. Mriis, the deputy electrical engineer and 


Mr. H. Lockett, the commercial assistant of the depart- 
ment. 

Mr. J. Licursown will succeed Mr. 8S. CAMERON 
Grsson, who has been borough electrical engineer of 
Nuneaton for over twenty-eight years on May 24. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Welsh Coal Trade.—On the Welsh steam-coal 
market last week little new business could be concluded 


| for early delivery in spite of the fact that demand was 


actively maintained in all sections. There were again 
a number of cases where collieries’ present outputs were 
proving insufficient to meet commitments already entered 
into. In view of the well-stemmed position of collieries 
generally, there seemed little likelihood of supplies becom- 
ing much more readily obtainable over some while 
ahead and the tone continued very strong. The strongest 
feature of the market continued to be presented by the 
popular duff coals. Most producers had already sold 
almost the whole of their potential outputs of these 
sorts over several months ahead. Large and sized 
kinds were only very sparingly offering for forward 
shipment, while the supply of smalls continued limited. 
Cokes attracted a good deal of interest from inland 
consumers and patent fuel was in good request. 

The Iron and Steel Trade.—Active conditions were 


| maintained in the iron and steel and allied trades through- 


out the past week. The demand for the various products 
was sustained while most producers held well-filled order 
books and works were engaged to capacity. 








THe IRON AND STEEL INstTITUTE.—The Council of 
the Iron and Steel Institute inform us that Mr. Fred 
Clements, managing director of Messrs. The Park Gate 


| Iron and Steel Company, Limited, and a member of the 


Council, has been nominated a vice-president of the 
Institute. It has also been decided to award an Andrew 
Carnegie Silver Medal to Mr. Bo W. L. Ljunggren for 
his Carnegie research memoir on the method of sclero- 
grating employed for the study of grain boundaries and 
of nitrided cases. No papers have been received in 
competition for the Ablett Prize for 1940, but the 
Council has accepted an offer from Captain Ablett to 
renew the Prize for competition in 1941. Competing 
papers, which must deal with a subject connected with 
engineering in iron and steel works, and be written by a 
junior engineer, should be submitted as soon as possible, 
and, in any case, not later than January 31, 1941, to 
| the Secretary of the Institute, 4, Grosvenor-gardens, 
| London, 8.W.1. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Active conditions continue to prevail 
in all sections of local industry. Not only are Govern- 
ment requirements on the increase, but many works are 
reported to be executing a larger number of contracts 
for ordinary commercial products; inquiries are also 
more numerous. Sheffield Chamber of Commerce has 
received the following: from Australia for machine 
knives; from London for parallel machine files of a 
type previously imported from the Continent; from 
Madras for stainless steel; from South Africa for farm 
and garden tools; from South America for mild steel ; 
and from Mexico for tools. There is an improving 
demand for railway rolling stock. Local makers of 
wheels, axles, springs, tyres, buffers, etc., are particularly 
busy. Inland requirements are substantially greater 
than a year ago, while overseas needs are on the increase. 
Sheffield works are supplying record tonnages of ship 
steel, forgings and castings, auxiliary machinery, and 
shipyard machinery and tools. As a result of extension 
schemes, makers of steelworks’ and ironworks’ machinery 
and related equipment are having difficulty in meeting 
requirements. Orders have been booked for rolling 
mills, forges and presses, bending machines, and furnaces 
of both the electric and gas-fired types. Sheffield’s 
output of high-efficiency steels is reaching record dimen- 
sions. Plant for the production of stainless steel has 
been extended considerably at many works during the 
past 12 months, and heat- and acid-resisting materials 
are also in strong demand. The recent heavy call for 
electrical machinery and equipment has been more than 
maintained, orders being numerous on both home and 
overseas account. Business is also brisk in agricultural 
steel, forgings and castings, and finished implements ; 
the tool trades are operating at high pressure. 


South Yorkshire Coal Trade.—All types of coal are 
in strong demand. Industrial fuel is being consumed 
in record quantities. The call for house coal is still 
heavy considering the time of the year, as many con- 
sumers are laying in stocks to cover their requirements 
for next winter. Most varieties of coke are in demand. 








NOTES FROM THE NORTH. 


GiasGcow, Wednesday. 


Scottish Steel Trade.—Activity is still general in the 
steel trade of Scotland. The present rationing scheme 
is helping considerably and when it has heen in operation 
for a time it is considered that all buyers will be satisfied 
with the new arrangement as the percentage of their 
supplies will be according to the importance of their 
work from the national standpoint. At the present 
time, shipbuilders are receiving a heavy tonnage of steel 
as all yards are fully occupied. Boiler plates are also 
in great demand as boiler-makers have many orders on 
hand. The black-steel sheet makers have heavy order 
books and a very large percentage of the current output 
is for Government work. Prices are as follows :—Boiler 
plates, 131. 8s. per ton; ship plates, 121. 10s. 6d. per ton ; 
sections, 121. 8s. per ton; medium plates, under fr in. 
thick, weighing 6 lb. or more per square foot, 141. per 
ton; weighing less than 6 Ib., but not less than 4-81 Ib. 
per square foot, 141. 10s. per ton; black-steel sheets, No. 
24 gauge, in 4-ton lots, 171. 10s. per ton; and galvanised 
corrugated sheets, No. 24 gauge, in 4-ton lots, 201. 
per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—Business in the malleable-iron 
trade of the West of Scotland continues good and steady 
employment is general. The demand for re-rolled steel 
bars is, if anything, greater than ever and production 
is only measured by the tonnage of raw material received. 
Deliveries of semi-finished steel have recently been very 
good. The following are to-day’s quotations :—Crown 
bars, 121. 17s. 6d. per ton; No. 3 bars, 121. 10s. per ton ; 
No. 4 bars, 121. 15s. per ton; and re-rolled steel bars 
(tested), 141. 3s. per ton, all for home delivery. 

Scottish Pig-Iron Trade.—There has been no change 
in the state of the Scottish pig-iron trade and all plant 
is employed to its full capacity. The demand from steel- 
makers, in particular, is very heavy. The current market 
prices are as follows :—Hematite, 61. 7s. 6d. per ton, and 
basic iron, 51. 4s. 6d. per ton, both delivered at the steel 
works ; foundry iron, No. 1, 5l. 15s. 6d. per ton, and No. 3, 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The aggregate tonnage output of 
iron and steel is being maintained at practically record 
level, but makers of several commodities cannot cope 
fully with the present unprecedented requirements. 
Every effort is being made, however, still further to 
increase production. Pressure for the supply of materials 
for military needs and industries of national importance 
is intense and absorbs so much of the present make 
that little tonnage is left for distribution among ordinary 
customers. Considerable home and export commercial 
inquiries are circulating. 

Cleveland Iron Trade.—Although the production of the 
usual brands of Cleveland pig is still suspended and the 
make of substitutes is intermittent and light, ample 
deliveries of foundry iron are reaching North East coast 
consumers regularly. Supplies are coming mainly from 
the Midlands, and the meagre tonnage of local iron 
available for distribution is causing little inconvenience. 
Merchants are handling only very moderate parcels of 
iron. Fixed prices of Tees-side makes are ruled by No. 3 
quality of Cleveland at 111s., delivered to local buyers. 

Hematite.—The large make of East Coast hematite is 
well maintained, but the heavy demand continues to 
expand and consumers would welcome increased deli- 
veries. Although they have extensive contracts against 
which to draw, buyers are anxious to negotiate for further 
forward requirements, but orders are difficult to place 
and the volume of business passing is on a very limited 
scale. The needs of makers’ own consuming depart- 
ments absorb most of the output and are increasing. 
While actual consumption requirements are being met, 
the output may have to be enlarged by putting addi- 
tional plant into operation. Second hands have control 
of but little tonnage, and are distributing their holdings 
cautiously among customers of long standing. Stabilised 
quotations remain at the level of No. 1 grade of hematite 
at 127s. 6d., delivered to North of England areas. 


Basic Iron.—Steelworks owned by basic-iron makers 


NOTICES OF MEETINGS. 





| Ir is requested that particulars for insertion in this 
} column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 
JUNIOR INSTITUTION OF ENGINEERS.—-To-night, 6.30 
p.m., 39, Victoria-street, Westminster, S.W.1. Ordinary 
Meeting. ‘‘ Fluid Flow in Pipe Lines and Fittings,” 
by Mr. S. J. Moore. Midland Section : Saturday, April 20, 
2.30 p.m., The James Watt Memorial Institute, Bir- 
mingham. “ Electrical Distribution,” by Mr. D. Birch. 
ROYAL AERONAUTICAL SOCIETY.—To-night, 6.30 p.m.» 
The Institution of Electrical Engineers, Savoy-place, 
Victoria-embankment, W.C.2. Lecture: ‘“ Flight 
Refuelling,”’ by Sir Alan Cobham and Mr. Marcus Langley. 
Friday, April 19, 6.30 p.m., The Institution of Electrical 
Engineers, Savoy-place, Victoria-embankment, W.C.2. 
Lecture: ‘“‘ Some Aspects of the Aerial Warfare in the 
German-Polish Campaign,’’ by Mr. S. Rogalski. 
INSTITUTION OF MECHANICAL ENGINEERS.— Y orkshire 
Branch : Saturday, April 13, 2.30 p.m., The University, 
Leeds. Thomas Lowe Gray Lecture: ‘“‘ Fifty Years of 
Marine Engineering,”’ by Professor A. L. Mellanby. 
INSTITUTION OF PRODUCTION ENGINEERS.— Y orkshire 
Section: Saturday, April 13, 2.30 p.m., The Hotel 
Metropole, Leeds. Lecture: ‘‘ The Electrical Engineer 
and Production,” by Mr. A. F. Carter. Birmingham 
Section : Wednesday, April 17, 7 p.m., The James Watt 
Memorial Institute, Birmingham. Annual General 
Meeting. Presidential Address by Mr. R. C. Fenton. 
INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
April 15, 6 p.m., Savoy-place, Victoria-embankment, 
W.C.2. Informal Meeting. Discussion on ‘* Adequate 
Domestic Equipment,” to be opened by Mr. M. Whitgift. 
North-Western Centre: Tuesday, April 16, 6.45 p.m., 
The Engineers’ Club, Manchester. Annual General 
Meeting. ‘‘ Oil-less Metalclad Switchgear for Medium- 
Voltage A.C. Circuits up to 660 Volts, Three-Phase,”” by 
Messrs. H. E. Cox and L. Drucquer. Also at the Sheffield 
Sub-Centre: Wednesday, April 17, 6 p.m., The King’s 
Head Hotel, Sheffield. 








regularly absorb the whole of the output of the blast- 
furnaces and the price of this commodity remains 
nominal at 104s. 6d. 

Foreign Ore.—The situation as regards foreign ore 
may be described as quite satisfactory. Consumers 
have good working stocks, and regular imports are on a 
very substantial scale. 

Blast-Furnace Coke.—In the blast-furnace coke branch 
of trade, transactions are confined to narrow limits. 
Sellers have good contracts to execute and local users 
have extensively covered their requirements. Deliveries 
are regular and ample. The recognised market value of 
Durham good medium qualities is 31s. 8d. at the ovens. 

Manufactured Iron and Steel.—Adequate deliveries of 
semi-finished iron and steel are keeping the re-rolling mills 
working at full pressure. The production of semies is 
well maintained and imports from the Continent continue 
on a satisfactory scale. Finished-iron manufacturers are 
busily employed and have good order books. Regula- 
tions governing the distribution of finished steel involve 
the limitation of deliveries to industries which are not 
included in the special categories, but promise very 
materially to increase the supply of tonnage to the works 
where larger allocations of steel are considered essential. 

Scrap.—Dealers in iron and steel scrap are providing 
consumers with more tonnage than recently. Descrip- 
tions in most request are heavy steel and the better 
qualities of heavy cast iron. 








THE CONTROL OF CHROMIUM, MAGNESITE AND WOL- 
FRAM.—An Order for the control of chromium, magnesite 
and wolfram has been made by the Minister of Supply. 
This (No. 1) Order, covers chromium and chromium 
compounds, defined as including any chemical compound 
of chromium, and ore concentrates or residues containing 
chromium ; magnesite, including natural or manufac- 
tured magnesium oxides, hydroxides or carbonates, and 
any mixtures of the foregoing products, with or without 
water; and wolfram, including wolframite, scheelite, 
and any other ore concentrate or residue containing 
tungsten. Under the Order the sale and purchase of 
these materials, wherever situated, will be regulated by a 





5l. 12s. 6d. per ton, both on trucks at makers’ yards. 








RE-OPENING OF RICHMOND BRIDGE.—After being 
closed partially for repairs for nearly three years, Rich- 
mond Bridge has recently been re-opened. 





UNITED STATES COLLIERY INDUSTRY.—The average 
daily output of bituminous coal in the United States 
during the week ending March 9 was 1,378,000 tons, 
against 1,467,000 tons in the previous week and 1,333,000 
tons in the corresponding week of 1939. 








licensing scheme, but a Direction issued under the Order 
exempts from the licensing provisions everything except 
chromium ore and concentrates, magnesite costing less 
than 251. per ton delivered at consumers’ works, and 
wolfram. Mr. N. Isaacs, of the ferro-alloys section of the 
Iron and Steel Control, will act as adviser to the new 
Control on wolfram. The Order comes into force on 
April 15, except as regards wolfram, for which it came 
into force on April 8. Inquiries in regard to wolfram 
should be addressed to the Iron and Steel Control, Steel 
House, Tothill-street, London, 8.W.1, and for the other 
products to the Chromium Ore, Magnesite, and Wolfram 


BRITISH ASSOCIATION OF REFRIGERATION.—Tuesday, 
April 16, 6 p.m., The Institution of Mechanical Engineers, 
Storey’s-gate, Westminster, S.W.1. ‘*‘ Refrigeration in the 
Dairy Industry,” by Mr. H. W. M. Hiron. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, April 16, 6.30 p.m., The E.L.M.A. Lighting 
Service Bureau, 2, Savoy-hill, W.C.2. Lecture: ‘‘ Factory 
Electrification,’”” by Mr. G. H. Buckle. 

Royvat Socrety OF AktTs.—Wednesday, April 17 
2.30 p.m., John Adam-street, Adelphi, W.C.2. ‘* Plastics 
as Constructional and Engineering Material,”” by Mr. 
H. V. Potter. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, April 17, 5.30 p.m., The Institution of Mechanical 
Engineers, Storey’s-gate, Westminster, 8.W.1. ‘‘ The 
Latest Developments Carried Out in France to Steam 
Locomotives,’”” by Monsieur Chan. 


INSTITUTION OF CIVIL ENGINEERS.—North-Western 
Association: Wednesday, April 17, 6.15 p.m., 36, 
George-street, Manchester. Annual General Meeting. 
Lecture: ‘“‘ The Northwich By-Pass,” by Mr. T. A. 


Proctor. 

NortTH-EaAst Coast INSTITUTION ‘OF ENGINEERS AND 
SHIPBUILDERS.—Friday, April 19, 6 p.m., The Mining 
Institute, Newcastle-upon-Tyne. (i) ‘“‘ Modern Joiner 
Work and Woodworking Tools,’”’ by Mr. A. C. Meredith. 
(ii) “‘ Decorative Veneers,”’ by Mr. L. C. W. Jenkins. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
April19, 6 p.m., Storey’s-gate, Westminster, S.W.1. 
General Meeting. ‘‘The Problems of the Singing 
Propeller,’ by Professor W. Kerr and Drs. J. F, Shannon 
and R. N. Arnold. 








STEEL FOR PRODUCER-GAS PLANTS.—Manufacturers 
requiring steel for the production of producer-gas plants 
for use on road vehicles, for civilian employ in this 
country, should now communicate with the Secretary, 
Ministry of Transport (Room 349), Metropole Buildings, 
Northumberland-avenue, London, W.C.2, for the neces- 
sary forms of application. 





Wortp Tin Sratistics.—According to statistics 
published by the Hague office of the International Tin 
Research and Development Council, the estimated 
production of tin in the world during January was 15,700 
tons and during February, 16,000 tons. Thus the total 
produced in the first six months of the war was 128,200 
tons, against 61,100 tons in the preceding six months. 
The apparent consumption of the metal during the first 
six months of the war totalled 104,800 tons, compared 
with 80,000 tons in the six months immediately preceding 
the outbreak of hostilities. The average cash price 
for standard tin in the first half-year of the war was 2371, 





Control, Broadway-court, Broadway, London, S.W.1. 





per ton, against 2251. in the preceding half-year, 
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Fic. 14. Contacts AFTER MAKING AND BREAKING TESTS. 


ROLLING STOCK ON AMERICAN RAILWAYS.—Statistics 
issued by the Association of American Railroads indicate 
that 4,983 new freight cars were put into commission 

} on Class I railways in the United States in January. 
compared with 1,020 in January, 1939, and 2,148 in 

| January, 1938. The locomotives placed in service in 
January totalled 19, four of them steam-driven and 
15 electric and Diesel locomotives. The corresponding 
| totals for January, 1939, were 17 locomotives, five of 
ed them steam engines and 12 electric and Diesel-drivep 

Fie. 15. Hiesu Ruprurtne-Capacity Fuse. | locomotives. 
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FOR WANT OF A NAIL... 


THE report of the Tribunal of Inquiry, appointed 
to investigate the causes of the sinking of H.M. 
submarine Thetis in Liverpool Bay on June lI, 
during diving trials, with the loss of 99 lives, 
confirms the impression conveyed by the evidence 
given at the public sessions: that of a series of 
incidents and accidents, individually almost trivial, 
which combined to develop, in a sort of demoniac 
geometrical progression, into an inevitable disaster 
The summary which is given on page 392 of this 
issue presents the majority of the relevant factors, 
but the story must be read line by line to appre- 
ciate the full malignity of the fate which pursued 
the unfortunate vessel. ‘‘ For want of a nail, the 
shoe was lost ; for want of a shoe, the horse was 
| lost ” and so on, to the culminating tragedy. 
| In its presentation of the evidence, the report* 
| is admirably arranged, and brings out with great 

clarity the inter-relation of the incidents which, in 
the event, proved to be such potent contributory 
| causes. Inevitably, it will raise many questions, 
some of which have been answered already by the 
| revised procedure subsequently adopted by the 
| Admiralty for the conduct of trials of submarines. 
| There are others, however, to the solution of which 
| the report contributes no helpful data ; for example, 
| while recognising that “‘the precise moment when 
| the bow cap opened is the critical and most obscure 
| point in the case,” it does not explain whether the 
| handle of the operating lever was above or below 
'the centre of its movement. The fact that “ the 
| lower end of No. 5 lever is about five feet above the 
floor” suggests that it extended downward from 
the pin on which it moved ; a circumstance which 
| would appear to be of some significance, as a lever 








submarines at Fort Blockhouse was away ill, 
that the decision whether or not to set the rescue 
machinery in motion rested, therefore, with subor- 
dinate officers, was much less a factor contributory 
to the eventual tragedy than the purely fortuitous 
and — justifiable detail that the Grebecock 
had only 15 fathoms of cable on each anchor, and 
so was unable to anchor promptly in 22 fathoms of 
water. 
her two cables together, the Grebecock probably 
would have been near enough to the actual position 


naturally aroused some criticism that so obvious a 
precaution should not have been standard equip- 
ment; but, against that view, it must be borne 
in mind that the number of occasions on which a 
submarine proceeds to sea without torpedoes in the 
tubes, apart from trial trips, is practically negligible. 
Admittedly, parallel circumstances obtain in action 
and in practices, between the release of a torpedo 
and the loading of another into the tube, but it 
may be held with some reason that, in such circum- 
stances, when every operation is part of a set and 
well-practised drill, the routine itself is sufficient 
safeguard. On general principle, and particularly 
in the case of a warship, there are strong arguments 
against the multiplication of safety devices merely 
as substitutes for ordinary care and attention, apart 
from the obvious undesirability of adding more 
gear, of no military value, to the already sufficient 
complication of a modern submarine’s interior 
arrangement. 

More legitimate objection may be urged against 
the practice of sending a new submarine to sea on 
trials with no more serviceable escort than a tug, 
although it may be justly argued that this was 
no innovation, but had been followed in some 
hundreds of cases without cause having arisen to 
doubt its sufficiency. The hesitation to put into 
operation the procedure laid down by the Admiralty 
for submarine rescue work in home waters, while 
probably it did not materially affect the issue, 
understandably gave rise to some comment. This 
‘rather cumbrous”’ procedure, as the Tribunal 
describes it, as detailed in an order promulgated 
in 1934 by the late Admiral Sir John Kelly, 
then Commander-in-Chief at Portsmouth, and 
reported in The Times of June 25 in that year, 
clearly envisaged the nature of the difficulties likely 
to be encountered ; but the very fact that it was 
so detailed (in the words of the report, it “ absorbed 
an amount of energy which was quite out of propor- 
tion to its value to the Thetis’) conspired, in the 
event, to delay the sending of assistance. The 
report makes the definite statement that “ this delay 
was not caused by any lack of vigilance and atten- 
tion to the Thetis by the responsible staffs ashore ”’ : 
they had no reason for alarm other than the absence 
of the expected surfacing signal, which was not 
due to be received until about 5 p.m. Actually, 
only seven minutes elapsed between the receipt, at 
Fort Blockhouse, of Lieutenant Coltart’s message 
from the tug Grebecock, and the dispatch to H.M.S. 
Brazen of the order to search. 

The circumstance that the Admiral in charge of 
and 
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of the Thetis to have seen the smoke candle or 
some of the 21 indicator lights that were found to 
have been fired. In that event, Lieutenant Coltart’s 








message to Fort Blockhouse certainly would have 
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lacked nothing of urgency, the rescue operations) THE PURCHASE OF ELECTRICITY 
would have been in train three or four hours sooner, SUPPLY UNDERTAKINGS. 
and, with the advantage of that much extra daylight Scone Cuammuntstn the tiller of Gis weeeent 
for the search, the vessel might have been located Bitese Minister, among then claims to p aay wes 
at least 12 hours sooner. W hether, even 80, the a great believer in energetic local government and 
loss of life could have been avoided, seems open to cas of thn cuiltenh af in. cimntens tenes Giana 
question in the light of the evidence given at the itn Seinaneh off Ge aan othtuationel a of Bir. 
Inquiry, and the examination of the vessel after minghem hs o intatnite, ie foresight and energy ; 
salvage; but the point is not leas interesting on and many of the ideas that are now a commonplace 
thas a ae showing with want eotell "the in the various departments of municipal enterprise 
dread Fury with the abhorréd shears’ seems to were originally suggested by him. By the time 
have plotted the undoing of the Thetis and her sic coat ‘eighties Fines ete Br had jokes mae vary 
complement. Joseph Chamberlain had, however, deserted local 
Although no criticism is made of it in the reports | for national politics, and was holding the position 
there appears to be room for some improvement} of President of the Board of Trade in Gladstone’s 
in the design of the escape chambers as fitted in| ...ond Government. It was a time when, happily or 
the Thetis. The description given, which applies | ynhappily, the problem of how to legislate for the 
to the after chamber but, presumably, is equally public supply of electricity was engaging the 
applicable to the forward chamber, states that it| attention of his Department. It is not surprising, 
is cylindrical in form, about 3 ft. in diameter, and | therefore, that he seized the opportunity of trans- 
has a hatch, about 30 in. in diameter, which must lating his views on municipal trading into practice, 
be pushed up by those inside the chamber, but which | 5, that he saw in the electricity supply industry 
is closed by a wheel and gearing. The dimensions|, ohance of implementing his theories. Never- 
of the chamber, obviously, must be kept to the) theless, there were some doubts whether an un- 
minimum, because, every time that it is used, the developed industry such as electric lighting was 
water remaining in it must be drained dewn into altogether a good field for municipalities to engage in. 
the submarine, which cannot be presumed to have | [¢ was, therefore, considered advisable that private 
power available to pump it back to the sea. A enterprise should not be discouraged in the early 
diameter of only 3 ft. does not represent a generous) stages, though it was felt that when, and if, the 
allowance of space for even one man, wearing 8D | jpovitable teething troubles were successfully over- 
escape apparatus, and possibly requiring to manipu- come, the local authority should step in, to the 
late valves as well as having to push open by hand benefit not only of the electricity consumers but 
the hatch-cover over his head, and the fact that of the ratepayers in general. - 
the hatch opening is less in diameter than the | This somewhat Machiavellian policy was imple- 
chamber itself must add to the difficulty of getting) mented in the Electric Lighting Act, 1882. As is 
out. Arnold’s clothing caught on some part of well known, this measure empowered the Board 
the hatch fittings, but he was able to kick himself of Trade to grant concessions to private enterprise 
Shaw had to make two attempts before he| ¢5- the supply of electricity within a local govern- 
succeeded in opening the hatch. Increasing the| nent area, subject to the right of the authority 
diameter of the hatch to a size not less than that | . 
of the chamber would add to the weight that a man } 
inside the chamber would have to lift, but it should 
he practicable to devise some mechanical gear that 
would open the hatch as well as close it. 








free. 


twenty-one years on the basis of its then value. 
This stipulation so effectively stifled an industry 
that had hardly begun to live that the terms of the 
concession had to be extended, by the Electric Light- 
ing Act, 1888, to forty-two years, with the further 
stipulation that if the rights to purchase were not 
then exercised, they could thereafter be revived at 
intervals of ten years. The financial terms, however, 
remained unaltered. This amendment had the effect 
of stimulating private enterprise to some extent, but 
before very long local authorities began to recognise 
that the business of supplying electricity could be 
indulged in without financial risk, and that the 
possession of a generating station and distribution 
system added to their prestige. Many of them, 
therefore, established their own undertakings, or 
purchased by agreement those that had already 
been established by private enterprise. So much 
progress was, in fact, made in this direction that 
immediately prior to the war of 1914-18 the business 
of electricity supply in practically every large town 
in the country, except London and Newcastle-on- 
Tyne, was in the hands of the local authority. 
London, however, was a very important exception, 
and when the rights of purchase of certain privately- 
owned undertakings then operating fell to be 
exercised by the County Council a decade or so ago, 
an interesting position arose. According to the 
terms of the original Act, this purchase had to be 


Naturally, points such as this are not discussed 
in the report, which is concerned only to ascertain | 
facts and not to suggest alterations in hitherto} 
accepted practice, or to apportion blame. Indeed, 
it is particularly noteworthy that, in sifting the 
evidence, the distinction between responsibility and 
culpability has been so carefully kept in mind. The 
attitude of mind of the Tribunal is nowhere better 
illustrated than in their comment, in seeking to 
account for the delay in initiating the rescue opera- 
tions, that “‘no one wishes to say that a man 
veting in the dark was wrong because what was 
doubtful to him has now become clear reality.” 
Not less gratifying is the tribute to Lieutenant 
Woods——*a clear, candid and completely honest 
witness "’—-and to the calm bravery of all those on 
board of the Thetis. As the report observes, the 
attempt to explain the disaster leaves much that is 
doubtful and obscure ; but of this, at least, there 
is no doubt. 


If the man who applied the Bitumastic solution 
to the door of No. 5 tube had plugged the test-cock | 
hole before doing so, or if any one of the half-dozen | 
men, who might have used the rimer, had used it, | 
the accident would never have happened. If! 
there had been no leakage past any bow cap, or | 
if Lieutenant Woods had been a less conscientious 
officer and had ignored it, he never would have 
opened the rear door. If he or Hambrook had 
realised, immediately the rear door was opened, 
that the bow cap was open, probably they could | 
have closed the cap in time. If one of the hinged 
securing bolts on the door in No. 25 bulkhead had | 
not fallen across the coaming, the door could have | 
been held sufficiently to confine the flooding to the 
tube compartment, probably the submarine could 
have surfaced, and certainly the forward escape 
chamber and the 29 sets of escape apparatus in| 
the torpedo-stowage compartment would have 
remained available. The catalogue of “ ifs’ could 
be extended threefold, but would serve only to 
emphasise the conclusion that here, as with the! beginning of the century coincided with the estab- 
loss of H.M.S. Hampshire, with Lord Kitchener, in| lishment of the power companies. Some of these 
1916, was one of those tragedies which the best of | undertakings, particularly the North Metropolitan 
human foresight seems powerless to obviate entirely. | Electric Power Supply Company, which, as is well 


had at that time become considerably inflated owing 
to the high cost of material resulting from the 
1914-18 war. Indeed, the replacement value of the 
copper alone was so high that the London County 
Council held that it was impossible to exercise those 
rights with any economic justification. 
of prolonged negotiations, in which other important 
matters were raised, the date of purchase was, 
therefore, postponed until 1971, though again the 
basis on which the purchase was to be exercised 
was left untouched. 

Now it so happens that the same question has 
once more arisen in a somewhat different form. 


to purchase the undertaking at the expiration of | 


made on the terms of the then value, but, as Mr. 
Chuter Ede recently pointed out in the House of | 
| Commons, when reviewing the whole subject, values | 


As a result | 
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known, operates in the northern Home. Counties, 
also obtained powers of distribution in certain 
local government areas. The undertakings thus 
formed were, as before, subject to purchase by the 
appropriate local authority after forty-one years 
on the terms laid down in the Electric Lighting 
Act, 1888, and those options are now becoming 
exercisable. The same difficulties with regard 
to their value, therefore, appear as occurred in the 
case of the London undertakings a few years ago ; 
and once again a problem, which bristles with 
troubles if a solution is to be found which is 
fair to both parties, comes up for consideration. 
Such problems, however, quite apart from their 
controversial nature, cannot fittingly be dealt with 
in war time and that being so, the Government have 
taken a wise course in including “any power to 
purchase a public undertaking” in the Special 
Enactments (Provision of Time) Bill, which received 
a second reading in the House of Commons just 
before Parliament adjourned for Easter. The clause 
in this measure which deals with electricity under- 
takings provides that, on the application of an 
interested party, the time at which the option to 
purchase will become exercisable shall be extended 
by three years, with corresponding adjustments in 
the dates when subsequent options mature. 

Though the problem is postponed by the action 
of the Government, it has not been solved. We, 
therefore hope, with Mr. Chuter Ede, that the 
| breathing space will be utilised to consider the 
matter in all its bearings. How necessary this is is 
shown by some information which he gave in the 
course of the debate. During the next five years 
some of the most valuable undertakings in the outer 
| London area will come under the purchase option. 
For instance, in the area supplied by the North 
Metropolitan Electric Power Supply Company, the 
undertaking at Tottenham becomes purchasable at 
the end of this year, and those at St. Albans and 
| Edmonton in 1942. Those in Hertford and the 
neighbouring parishes can be acquired on any 
March 29, at two months’ notice, and in Slough 
there is a special right that is now exercisable by 
giving one year’s notice. As it is highly undesirable 
that the local authorities should be obliged to 
exercise their rights or forgo their benefits, under the 
| present conditions, the postponement made possible 
by the provision of the Bill is highly desirable. 

Mr. Chuter Ede added that it seemed only fair 
that if purchase rights were postponed in the way 
the Bill made possible there should also be some 
arrangement by which the public authority who 
might have to exercise those rights should not find 
| their position worse as a result of the purely artificial 
increase in values that would be created by post-war 
conditions. It was therefore proposed to put down 
}an amendment in Committee which would raise 
this matter directly. 

To the cynical, the whole matter is a sad com- 
mentary on the vanity of human wishes and on 
the risk of rigidly legislating for future conditions. 
In the ‘eighties, no one foresaw the immense 
development of electricity supply which has since 
occurred, still less the changes in municipal boun- 
daries which have been brought about by the Local 
Government Act of 1929. The combined effect 
of these two factors has been to make such a mosaic 
of the electricity map that purchase rights under the 
Act are in some cases exceedingly difficult, if not 
impossible, to exercise. For instance, in the area 
of the North Metropolitan Company, the distribu- 
tion system has been developed irrespectively of 
municipal boundaries, with the result that it is so 
interbound that to deal with each part in strict 
accordance with the terms of the Statute would 
inflict serious technical injury on the whole. The 
whole matter has, therefore, taken on an aspect 
such as was not foreseen by those who supposed 
that electricity would be used only for lighting. 
The intention of the original Act was that electricity 
supply should eventually be in municipal ownership, 
| but changes which have occurred since that dat 
have rendered that simple solution impracticable. 
while if the McGowan report is ever implemented 
attempts to do so on those lines will be unnecessary. 
There is every reason why this question of purchase 
|should be postponed until it can be discussed in 4 
| calmer atmosphere and as part of a larger problem. 
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NOTES. 


INCREASING THE PRODUCTION OF COAL. 


At the end of last week the Ministry of Mines 
announced that with a view to securing a further 
increase in coal exports to allied and other countries, 
as well as to maintain supplies for all essential home 
purposes, a Coal Production Committee had been 
set-up. The duty of this body will be to promote a 
substantial increase in the production of coal, and 
for this purpose it will collaborate with representa- 
tive bodies of owners and workmen and with the 
Departments concerned. Lord Portal has been 
appointed chairman of the Committee, which will 
consist of three representatives from the workmen’s 
side and three representatives from the owners’ 
side of the Joint Standing Consultative Committee. 
There will also be representatives of the Ministries 
of Transport and Shipping and of the Mines Depart- 
ment itself. This is a move in the right direction, 
since not only do we and our allies require more 
coal for the prosecution of the war and for the 
maintenance of the health and well-being of the 
population, but this material is a commodity 
which acts as a useful medium of exchange in carry- 
ing on and increasing our export trade. Shortly 
after war began the Mines Department asked the 
industry to produce not less than 260,000,000 tons 
per annum, as compared with 240,000,000 tons in 
the prosperous year of 1937. Though, on paper, 
the task does not appear to be very formidable, 
considerable organisation and hard work will be 
necessary to accomplish it. In particular, further 
mechanical equipment of the right sort will be 
required and more attention will have to be paid to 
the causes and remedies of absenteeism. According 
to the latest returns, plenty of labour is available, 
though some adjustment of duties may be required, 
and given good will there is no reason why success 
should not be attained. As regards the domestic 
field, there is every reason for stimulating production 
during the summer and accompanying it by well 
thought out and adequate schemes of storage near 
the points of consumption. 


BritTisH AssocraATION ScREW THREADS. 


The Committee of the British Standards Institu- 
tion which is engaged in revising the British Stan- 
dards for screw threads have now completed their 
revision of the specification (No. 92-1919) for British 
Association screw threads. As was explained in 
an article dealing with the Standards for Whitworth 
thread forms, which appeared on page 562 of our 
148th volume, revision is based upon a careful 
study of the accuracy of commercial screwing tools, 
and. also upon the general relationship between 
the errors of the tools and of the threads produced 
by them. The same principles have been adopted 
in the case of the B.A. threads, the draft specification 
for which is now being circulated to interested 
parties for technical comment. The basic dimen- 
sions are given in the draft for all sizes from No. 0 
to No. 25, inclusive, and remain unaltered from 
B.S.S. No. 92. Limits and tolerances are given for 
sizes down to No. 10 only. It has not been thought 
necessary to provide for more than one grade of fit, 
the grade chosen representing the thread obtainable 
with screwing tools of good commercial quality. 
The proposed effective-diameter tolerances are 
slightly larger than those in the earlier specification, 
the justification being that the length of engagement, 
relatively to the diameter, is normally greater for 
small than for large diameters. The tolerances 


the usual procedure, the British Standards Institu- 
tion will send a copy of the draft tables to any 
maker, user, firm or organisation likely to be 
affected by the proposed changes, to afford an 
opportunity for comment. Applications should 
be addressed to the Director, British Standards 
Institution, 28, Victoria-street, London, 8.W.1. 
The latest date for the receipt of such comment is 
April 20, 1940. 


ALLIED EXCHANGE OF MACHINE TOOLS. 


In a speech delivered at Wolverhampton on 
Saturday, April 6, the Minister of Supply (The Rt. 
Hon. Leslie Burgin) said that no one doubted that 
Great Britain and France, together, could produce 
limitless quantities of every type of armament, but 
what the generals demanded was that the pace 
should be quickened and more delivered at an 
earlier date. He also emphasised the need for 
machine tools and appealed to the makers to see 
that their machines were maintained in operation 
throughout the twenty-four hours. Because of the 
demand for this highly-specialised equipment, he 
went on, M. Dautry, the Minister of Armament of 
France, had asked whether machine tools could 
not be treated as tourists and if, for instance, he 
had half a dozen milling machines and no use for 
them for three months he could not send them to 
Great Britain and, similarly, if we had vertical 
borers which were temporarily not required, an 
interchange could not be made. Mr. Burgin added 
that the idea in principle was sound, but we doubt 
whether, when all its pros and cons have been 
examined, it will be found to be other than of very 
limited application. If France or Great Britain is 
urgently in need of a particular class of tool, such an 
exchange might provide a way out of the difficulty. 
It must be remembered, however, that dismantle- 
ment, transport and re-erection all take time and 
that the small advantage gained on the balance 
might well be offset by the inevitable dislocation. 


ELECTRIFICATION OF THE HiGH BARNET BRANCH OF 
THE LONDON AND NortTH EASTERN RalLway. 


A scheme for improving the passenger facilities 
in North London, which was inaugurated by the 
London Passenger Transport Board in 1935, 
provided for the extension of the Northern Line 
from Highgate to East Finchley. At this point a 
connection was to be made with the Finsbury Park- 
High Barnet line of the London and North Eastern 
Railway and this line, with its branches to Alexandra 
Palace and Edgware, was also to be electrified. 
The section from Highgate to East Finchley, a 
distance of about two miles, is underground in 
tunnels of standard tube construction, and was 
opened for traffic on July 9, 1939. The conversion 
of the section thence to High Barnet has now been 
completed and will be opened on Sunday next, 
April 14. Owing to the war, however, the con- 
version of the branch to Edgware, on which the lines 
had to be doubled and considerable civil engineering 
work carried out, and to Alexandra Palace, have 
been postponed, as also has the electrification of the 
London and North Eastern line from Finsbury 
Park to Highgate and the extension of the Edgware 
line to Bushey Heath. Though passengers from 
High Barnet will now have a through service to the 
West End, they will have to change at East Finchley 
for the city. Steam trains will also continue to be 
run from and to Alexandra Park. As a result of the 
conversion, the service of trains will be greatly 
increased. For instance, there will be 20 trains 
from High Barnet and 38 trains from Finchley 





proposed for the major and minor diameters of a 
bolt are larger than the tolerance on the effective 
diameter, to provide some latitude for the die-maker 
and for wear of the dies. The tolerances on the 
minor or core diameter of nuts has been practically 


between 7 a.m. and 10 a.m., compared with the 
present 11 steam trains ; and instead of 78 trains on 
weekdays there will be 212 tube trains to and from 
High Barnet and 396 from Finchley. The journey 





doubled, as the present tolerances have been 
found to be too close for general production purposes. 
Even with this greater tolerance on the nut, however, | 


time from Barnet to Leicester Square will be reduced 
to 32 minutes and from Finchley to Leicester-square 
to 22 minutes. During the summer, a new tube 


the minimum depth of thread engagement will not | station will be opened beneath Highgate (L.N.E.R.) 
be less than 50 per cent. on a No. 10 screw to 70 per station and the two will be connected by escalators. 
cent. on a No. 0, with the major diameter of the | This will give passengers from Alexandra Palace 


bolt on its lower limit and the minor diameter of the 
nut on its upper limit. It is the intention of the 


a better service to the West End. The line between 


East Finchley and High Barnet has been equipped 


Committee to include, in the final specification, | with automatic colour-light signalling. The traction 
recommendations relating to gauges controlling | current will be obtained through three new sub- 


tracks have been necessary at East Finchley, 
Finchley Central and High Barnet. 


WIRELESS MEMORIAL IN THE ISLE OF WIGHT. 


In 1937, Marconi’s Wireless Telegraph Company 
erected a granite column at Poldhu Cove, Cornwall, 
to commemorate the transmission from the station 
that originally stood on this site of the first wireless 
signals across the Atlantic. A still earlier wireless 
feat has now been similarly commemorated by a 
stone column which has been erected by the same 
company in collaboration with a local committee of 
West Wight residents at Alum Bay, Isle of Wight. 
This stone marks the site of the first permanent 
wireless station in Great Britain and from it signals 
were transmitted from December 6, 1897, to May 26, 
1900, to the steamer Mayflower, an ultimate range 
of 40 miles being reached after various pieces of 
apparatus had been tested and improved. Apart 
from being the first permanent wireless station, 
this Alum Bay, or Needles, equipment had the 
distinction of transmitting the first paid radio 
telegram, which was dispatched by Lord Kelvin, on 
June 3, 1898. The column is 5 ft. 9 in. high and 
carries a bronze plaque on each of its four faces. The 
first plaque records the establishment of the station, 
while the second states that radio messages were 
first exchanged with a tug in Alum Bay, then with 
Poole, a distance of 18 miles, and later with ships 
at a distance of 40 miles. The third plaque states 
that on November 15, 1899, information for the 
first newspaper printed at sea was transmitted a 
distance of 36 miles to the United States liner St. 
Paul. The transmission of Kelvin’s message is 
also recorded. The final plaque mentions that the 
station was erected under Marconi’s personal 
supervision by Georg Kemp for Marconi’s Wireless 
Telegraph Company, and was completed on Decem- 
ber 5, 1897. Other radio pioneers who worked 
here were P. W. Paget, A. Gray, C. E. Rickhard, 
W. Densham, F. 8S. Stacey, P. J. Woodward, and 
C. H. Taylor. The station was dismantled in 
June, 1900. 


THE INSTITUTION OF CHEMICAL ENGINEERS. 


In his response to the toast of “‘ His Majesty’s 
Ministers,” which was proposed by Mr. C. 8. Garland, 
at the luncheon held at the Hotel Victoria, London, 
at the conclusion of the eighteenth annual cor- 
porate meeting of the Institution of Chemical 
Engineers, on April 5, The Right Hon. E. Leslie 
Burgin, Minister of Supply, contrasted the position 
of the chemical industry at the outbreak of the 
present war with that at the outbreak of the war 
of 1914-18. He paid tribute to the great work 
accomplished by Lord Moulton in the creation 
and organisation of the chemical industry and 
said that, at the present time, the chemical industry 
of Great Britain compared favourably with that 
of any other country in the world. He wished to 
emphasise strongly, however, the urgent need for 
increasing the pace*of production in the very near 
future and asked manufacturers to leave no stone 
unturned to attain that end. The toast of “ The 
Institution ” was proposed, in congratulatory terms, 
by Mr. A. Vyvyan Board, and, in the course of 
his reply, the President, Mr. F. Heron Rogers, 
stated that the increase in the membership was 
particularly gratifying. The 1,000-mark had long 
been passed and the direction of the curve repre- 
senting the membership was consistently upwards. 
The student and graduate sections accounted 
for 35 per cent. of the membership and were 
extremely active. The students’ meetings had 
been continued in London, were well attended 
and were proving very helpful. The training and 
education facilities for students were much more 
satisfactory than had formerly been the case. Not 
only were there now three collegiate centres in 
London in which chemical-engineering courses 
were held, but others existed in the provinces. 





For this reason, the graduates who now came forward 
for examination showed a considerably higher 
standard of proficiency than was the case eight 
or nine years ago. Toasts to the guests, proposed 
by Sir Harold Hartley, and responded to by 
Rear-Admiral B. A. Fraser, and to the President, 
proposed by Mr. H. W. Cremer, concluded the 





the threads within the specified limits. Following! stations and considerable re-arrangements of the 





proceedings. 
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THE LOSS OF H.M.S. * THETIS.’’ 
H.M. svusMartne Thetis sank in Liverpool Bay 


at about 3 p.m. British Summer Time, on June I, | 


1939, while engaged in a trial dive, and of the 
103 persons on board there were only four survivors. 
The circumstances surrounding the disaster were 
obscure, and a Tribunal of Inquiry was appointed, 
under the presidency of Mr. Justice Bucknill, to 
investigate the causes of the loss and the reasons 
for the failure to save the 99 men who lost their 
lives. Mr. Justice Bucknill was assisted by three 
Assessors, namely, Captain G. C. P. Menzies, R.N., 
Captain A. H. Riley, an Elder Brother of Trinity 
House, and Professor T. B. Abell, Professor of 
Naval Architecture in the University of Liverpool. 
The Tribunal began the public inquiry on July 4, 
and, having taken the evidence of the four survivors 
and of a number of technical and other witnesses, 
adjourned to await the result of the salvage opera- 
tions. The Thetis was raised, and was dry-docked 
in November, and in the following month the inquiry 
was resumed and concluded. The Report of the 
Tribunal, which is summarised below, was published 
on April 4, 1940, and shows that “ at least six facts 
acting in sequence produced the full extent of this 
disaster.’ The Report is divided into five parts, 
dealing respectively with the structure and appli- 
ances of the vessel, an account of the matter as 
proved at the Inquiry by the survivors, the events 
which occurred outside of the vessel, the state of 
the submarine and her relevant equipment after 
she had been salved, and the causes of the loss. 

The Thetis, the third submarine of the Triton 
class, is 275 ft. long, and was built at Birkenhead 
by Messrs. Cammell Laird and Company, Limited. 
Her hull is divided into six main compartments, 
comprising, from bow to stern, the torpedo-tube 
compartment, torpedo-stowage compartment, mess 
space, control room, main engine room, and steering 
compartment. The six 21-in. torpedo tubes are 
arranged in two tiers of three each, Nos. 2, 4 and 6 
being on the port side, and Nos. 1, 3 and 5 on the 
starboard side. No. 5 tube, through which the 
became flooded, is the tube in the 
starboard tier, and its bow cap is always below the 
water level when the vessel is afloat. The bow caps 
are operated by telemotors, controlled by hand 
levers situated in the alleyways between the tiers 
of tubes and the ship's sides. The lever controlling 
No. 5 bow cap is the lowest of the three on the 
starboard side, and is about 5 ft. above the floor 
plates. ‘To open the bow cap, this lever should be 
pushed forward about 45 deg. from the vertical 
position, but tests made after the vessel was salved 
showed that, if the lever were moved more than 
12 deg. forward of the vertical, sufficient oil would 
pass to start the cap creeping open, and that it 
would continue to creep until fully open, so long as 
the lever remained in that position. A mechanical 
indicator, operated by the telemotor ram, and 
giving “ Shut” and * Open” readings, is situated 
at the forward end of the alleyway between the two 
tiers of tubes; and the bow cap, on reaching the 
fully-open position, operates a tell-tale, which 
‘requires fairly close inspection to seen,” 
placed about 4 ft. forward of the bow-cap control 
lever, and giving a “ Safe to Fire ” indication. 

The rear door of No. 5 tube is fitted with a large 
operating lever and a small test-cock lever, the 
latter pointing downwards when the door is locked 
and upwards when it is unlocked. In moving it 
from the one position to the other, a j-in. hole in 
the lever is brought into register with a similar 
hole in the door; so that, if the tube is more than 
half full of water, a flow of water will issue into 
the working space to draw attention to the fact. 
In case the holes should become choked, a pin or 
rimer is provided for clearing them, this being 
attached to the test-cock lever by a chain. With 
the test-cock lever in the uppermost (unlocked) 
position, the holes are practically “blind,” but 
sufficient communication remains for some water 
to come out. The torpedo tube may be filled with 
water either by opening the bow cap or by admitting 
water from a tank fitted with a sea inlet valve. 
The tube has drain cocks at each end. 

Almost immediately abaft the rear doors of the 
tubes is No. 25 watertight bulkhead, separating 
the tube compartment from the torpedo-stowage 
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provided with four doors, 
arranged in two pairs. On June 1, only the port 
upper door was open. This is fitted with 18 hinged 
securing bolts, with butterfly nuts, and its lower 
edge is about level with the centre of the middle 
pair of torpedo tubes. The weight of water required 
to fill the torpedo-tube compartment, assuming 


compartment, and 


the tubes to be empty and their rear doors closed, | 


is about 45 tons; and the capacity of the torpedo- 
stowage compartment is about 90 tons of water. 
Evidence was given that, with the rear door of No. 5 
tube open, and the bow cap open 30 deg. or more, 
water would flow into the compartment at the rate 
of about 2 tons per second. 

The safety appliances fitted or carried on board 
com prised a submarine signalling apparatus forward, 
which was put out of action when the vessel struck 
the bottom ; two indicator buoys, carried in cages 
on deck, and capable of being released from within 
the submarine ; three smoke candles, to be fired 
from an ejector tube, and 25 indicator lights, capable 
of being fired from the same tube; two escape 


chambers, one built into the bulkhead immediately | 


abaft the stowage compartment and the other in 
the bulkhead at the forward end of the steering 
compartment ; and, for use in the escape chambers, 
122 sets of Davis escape apparatus. 
with Admiralty regulations, there should have been 
131 sets ; but nine were inadvertently left on shore, 
and, of those on board, 29 were not available when 
the vessel sank, as they were stored in the flooded 
torpedo-stowage compartment. Thus there were 
only 93 sets among the 103 men trapped on board. 

A preliminary “trim trial’? was made in the 
basin at the builders’ yard on March 4, 1939, and 
on March 31 an official examination was made of 
the Davis escape arrangements and the two indi- 
cator buoys, which were found to be satisfactory. 


On April 30, the Thetis proceeded to the Clyde for | 


machinery, steering and diving trials; but, as the 
operating gear of the forward hydroplanes was not 
working satisfactorily, the proposed diving trials 
in the Gare Loch were postponed, Admiralty 
permission being subsequently obtained to hold 
them at a later date in Liverpool Bay. Between 
May 2 and May 6, torpedo-equipment trials took 
place, in the course of which the tubes with their 
doors, bow caps, and operating mechanism were 
fully tested. The report of the Admiralty inspector 
stated that the bow-cap indicator system was to be 
completed and tested, and that the insides ef the 
tubes were to be coated with Bitumastic solution 
and then with enamel. Commander A. Maguire, 
R.N., who conducted the torpedo firing trials, gave 
evidence that, on at least one occasion, he saw the 
control lever left in the neutral position, and gave 
orders that the levers must at “Open” or 
“Shut” until a further order was given. 
Shaw (one of the four survivors) stated, however, 
that it was not the practice to leave the levers in 
the neutral position; they were always left at 
* Shut.” 

On May 13, the application of Bitumastic solu- 
sion to the insides of the tubes was begun ; and on 
May 14 the insides of the six rear doors were 
enamelled. The enameller took no steps to prevent 
the Bitumastic solution from entering the test-cock 
holes, but he did plug them with cotton waste 
before applying the enamel. After the vessel was 
raised, the test-cock holes in No. 4 and No. 5 tubes 


be 


were found to be blocked with Bitumastic enamel. | 


On May 18, the bow-cap indicator gear was tested 
and found to be in order; and on May 31 the rear 
doors of the tubes were opened and finally shut in 
the presence of Mr. H. Horsman, ship-fitting over- 
Mr. T. Wolfe, assistant foreman ship fitter, 
who closed the doors, gave evidence that the 
bow-cap control levers were then left at the neutral 
position. At about 10 a.m. on June 1, the vessel 
was trimmed to a mean draught forward of 
13 ft. 6} in., and aft, of 14 ft. 6in. She had a slight 
port list, and Mr. A. A. F. Hill, the Admiralty 
hull overseer, was said to have remarked that they 
would have to fill, or that they could fill, the star- 
board torpedo tube, or tubes; but no evidence 
was adduced that this was done at that time. The 
vessel left Birkenhead for Liverpool Bay shortly 
before 10 a.m. on June 1, carrying five officers and 
48 ratings of her own crew, seven other officers of 


seer. 


To comply | 


Mr. F. | 


| the Royal Navy, nine Admiralty officials, 26 em- 
| ployees of Messrs. Cammell Laird and Company, 
five sub-contractors’ representatives, a Mersey pilot, 
and two caterers, a total of 103 persons. She was 
accompanied by the tug Grebecock, in which was 
Lieutenant R. E. Coltart, R.N., and a telegraphist 
rating, who was provided with a signalling lamp 
to communicate with the Thetis on the surface. 
No provision was made for under-water communi- 
cation between the two vessels. 

Shortly before 1.30 p.m., Lieutenant-Commander 
G. H. Bolus, R.N., who commanded the Thetis, 
requested any persons who wished to disembark 
before the diving trials to come up to the bridge ; 
but no one responded, and at 1.40 p.m. the routine 
diving signal was sent by wireless to Fort Block- 
house, Plymouth, giving the submarine’s position 
and stating that she would dive for three hours. 
|This signal was acknowledged at 1.56 p.m., and 
orders were then given to flood the main tanks 
| slowly, in pairs, and to go ahead on the electric 
motors at about 5 knots. With the main tanks 
flooded, however, the vessel had still an excess of 
buoyancy, which persisted to some extent even 
| when the auxiliary ballast tanks were also filled. 
As the lightness was evidently forward, the question 
was raised whether Nos. 5 and 6 torpedo tubes were 
full or not. Lieutenant F. G. Woods, R.N., the 
| torpedo officer, was told to report upon their state. 
He had been shown previously a typewritten “ trim 
chit,” listing the various tanks, on which their sup- 
posed contents in gallons of water had been added in 
pencil or ink; against ‘ Nos. 5 and 6 tubes ”’ was 
|the note, “Full.” Lieutenant Woods tried the 
| test cocks on the rear doors of both tubes. A small 
|amount of water came from No. 6 tube, obviously 
|not under any pressure; but none appeared at 
| No. 5 test cock, from which he concluded that, if 
water were in the tube, it was below the level of 
the cock. He returned to the control room and 
reported that the tubes were not full. Mr. A. B. 
| Robinson (the builders’ foreman engineer) observed 
| that they were not meant to be full; but Lieutenant 
Woods decided to verify his previous inspection, 
land, going forward, tried the cocks again, with 
similar results. Returning once more to the control 
|room, he asked whether the tubes might have to be 
filled, and, being told ‘“‘ Yes” by the First Lieu- 
tenant, asked Mr. Shaw to put power on the bow-cap 
telemotors. In Mr. Justice Bucknill’s words, “ Mr. 
Shaw’s evidence as to the time when power was 
turned on at the isolating valves was not clear, 
and indicated that he was uncertain when this was 
done. I think it was probably done before the 
vessel started to submerge for other purposes 
connected with the dive.” Lieutenant Woods went 
back to the tube compartment and ordered Leading 
Seaman Hambrook to open up power to the bow 
caps ; this done, he asked whether the levers were 
at “Shut,” and Hambrook replied “ Yes.” 

Lieutenant Woods, remembering that a small 
leakage had been noticed previously from one of 
the bow caps, decided to take this opportunity 
the first time that the Thetis was proceeding ahead, 
nearly submerged—to see whether it persisted. 
| He personally inspected the mechanical bow-cap 
indicators and saw that all six pointers were at 
“Shut.” Nos. 1, 2, 3 and 4 doors were then opened 
and the tubes found to be dry. He pushed up No. 5 
test-cock lever to the unlocked position, and again 
neither air nor water was emitted; but when 
Hambrook moved the door-opening lever, there 
was an immediate rush of water into the compart- 
ment. Being positive that the bow cap was shut, 
Lieutenant Woods thought at first that there 
must be a fracture in the tube; and, by the time 
that he realised that the cap must be open, it was 
no longer possible to get to the bow-cap operating 
lever. Before the tube compartment had been 
evacuated, it had become impossible to do more 
than fasten one of the 18 hinged bolts on the water- 
tight door in No. 25 bulkhead, and the door in 
No. 40 bulkhead, at the after end of the stowage 
compartment was shut only just in time as the men 
scrambled through into the mess space. With 
the tube compartment and the stowage compart- 
ment flooded, the Thetis dived steeply and struck 
| the bottom in about 160 ft. of water. 

The forward indicator buoy was released, and a 
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smoke candle was fired, but neither was seen 
from the attendant Grebecock. Successive attempts 
were made to enter the flooded compartments 
through the forward escape chamber, but without 
success. Oil and water were pumped out to 
raise the after escape chamber nearer to the surface, 
so that a man could escape with the plan, written 
out by Commissioned Engineer R. D. Glenn, the 
engineer officer, for pumping air into the submarine 
through either the gun recuperator connection or 
the whistle connection on the bridge. At about 
7 a.m. on June 2, the continued pumping had raised 
the stern to the surface, and at about 1 a.m. Captain 
H. P. K. Oram, R.N., the officer commanding the 
5th Submarine Flotilla, decided to escape with the 
plan, accompanied by Lieutenant Woods, in the 
hope of being picked up by some passing vessel. 
By the time that they reached the surface, a 
destroyer, H.M.S. Brazen, had come up, and both 
men were picked up by her boat at about 8.45 a.m. 
Four men attempted to follow, all entering the 
escape chamber together, but they failed to lift 
the hatch and all were drowned. ‘two more men, 
Leading Stoker W. C. Arnold and Mr. Shaw, then 
made the attempt, and succeeded ; but no more 
managed to escape. After the vessel was salved, 
it was found that the external clip on the hatch 
had not been fully withdrawn by the next party, 
so that the hatch could be raised only 4 in. 

The failure of the rescue attempts organised from 
the surface, like the reasons for the flooding of the 
vessel, presents a remarkable coincidence of adverse 
circumstances. Lieutenant Coltart, on board the 
Grebecock, “did not like the look of the dive,” 
but seeing neither indicator buoy nor smoke candle, 
did not report by the tug’s radio telephone until 
about 4.45 p.m. British Summer Time on June lL. 
Even then, not wishing to arouse possibly needless 
alarm, he so phrased his message that it was not 
recognised as urgent. No special measures were 
taken, therefore, to avoid delays in transmission, 
and the message was not received at Fort Block- 
house until 6.15 p.m., B.S.T. The tug anchored 
to mark the spot, but in such deep water it was 
necessary to shackle her twoanchor cables together, 
and when this had been done, she was four miles 
away from the correct position, and unaware of 
the fact. Four aircraft, sent out at the request of 
the Admiralty at 7.25 p.m., searched in the wrong 
area, and unfortunately located a buoy, not that 
of the Thetis, which was actually 10 miles from 
her position. H.M.S. Brazen, early on June 2, 
spent much time searching an area about 23 miles 
from the Thetis, and it was only at about 7 a.m., 
when her commanding officer had decided to seek 
to the north and east of the Grebecock, that he 
sighted the stern of the submarine on the surface. 
A number of craft sent out from Liverpool were 
similarly misled. When the Thetis was located 
and an attempt was made to tow her stern into a 
better position for cutting a hole in the hull, the 
tow rope parted and the stern disappeared beneath 
the surface, the marker buoy being carried away, 
so that valuable time was lost in sweeping to find 
the submarine again in the strong tidal currents. 
Expert divers were brought by air from Scapa Flow, 
but by this time there was little that they could do. 
Two of them went down at 6 a.m. on June 3, and 
hammered along the hull, but heard no reply; 
and at 4.10 p.m. the Admiralty announced that all 
hope of saving further lives must be abandoned. 

To quote the Report: “ At least six facts acting 
in sequence produced the full extent of this disaster : 
(i) The complete blocking of the test cock in the 
rear door of No. 5 torpedo tube with Bitumastic 
enamel. (ii) The opening of the rear door at a 
time when the bow cap of the tube was open to the 
sea. ‘The precise moment when the bow cap opened 
is the critical and most obscure point in the case. 
(iii) The failure of those on board the Thetis to 
effectively close the port watertight door in the 
bulkhead between the torpedo-tube compartment 
and the torpedo-stowage compartment. (iv) The 
failure of those in the Thetis to expel the water 
from the two flooded compartments. (v) The failure 
ot those outside the Thetis to render effective 
assistance. (vi) The failure of those on board the 


Thetis to escape by the Davis escape apparatus.” 
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RECENT COURT CASES.—V. 
By W. Summerrrecp, M.A., B.C.L., LL.B. 


Repairs and Renewals.—Engineers and other 
professional experts in whose view repair, renewal 
or reconstruction work is necessary in their clients’ 
interests, are often met with the argument that the 
clients’ business is unable to stand the expense 
and must “make do” with defective premises. 
A covenant to repair, of course, is normally included 
in a lease. The extent of the obligations under 
such a covenant is not always easy to determine ; 
and how far they fall short of the obligations under 
a covenant to rebuild or renew is a still more difficult 
problem. In the case of a lease of factory premises, 
in any event, the obligations represent a substantial 
burden upon the tenant. How that burden may be 
mitigated from the financial angle, under the 
provisions of the income-tax law, is, accordingly, of | 
considerable importance to all lessees. Similar 
provisions must be taken into account, in the case 
of an owner-occupier, in respect of depreciation. 
Three cases, dealt with together, have recently been 
heard by Mr. Justice Wrottesley, in which the 
meaning of covenants of this type have been under 
consideration, together with the relevant income-tax 
provisions. These cases are Boarland v. Pirie, 
Appleton and Company, Limited, Stemco, Limited v. 
Inland Revenue Commissioners, and Stemco, Limited 
v. Hyett. 

Section 15 (1) of the Finance Act, 1937, provides 
that, in computing the amount of profits chargeable 
to tax under Schedule D, Case I, there is to be 
allowed a deduction “ in respect of the depreciation 
of any premises being mills, factories or other similar 
premises . . . owned by the person carrying on 
the trade and occupied by him for the purposes 
thereof.” As to a person occupying premises as the 
tenant, subsection (5) of section 15 provides that 
he is to be treated as if he were the owner “ if, under 
the covenants to repair contained in the lease 
or agreement by virtue of which he occupies the 
premises, the whole of the burden of any deprecia- 
tion of the premises falls upon him.” These cases 
raised the question whether the companies were 
to be treated as if they were the owners of their 
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Inspector of Taxes against the decision in favour 
of Pirie, Appleton and Company, and dismissed the 
appeals of Stemco, Limited, thus upholding the 
contentions for the Crown in all cases. However 
fully a tenant may comply with such “strict” or 
wide repairing covenants, said the Judge, there 


| continues throughout a constant wearing out of the 


fabric of the premises, and for that he is not liable, 
i.e., for what is commonly termed depreciation. 
But, it was argued for the taxpayers in these cases, 
the statutory provision would be meaningless unless 
the ordinary meaning of its phraseology were to be 
cut down, since, in the strict literal meaning, no 
covenant to repair ever does comprise the whole 
burden of depreciation; that would constitute a 
covenant to rebuild or to renew. The answer 
to that argument was that a covenant to repair 
contemplated only such depreciation as was due to 
wear and tear. It did not include also such deprecia- 
tion as resulted from obsolescence of design. 

Subsections (2) and (3) of section 15 of the Finance 
Act, 1937, provide, it is to be noted, for special 
relief to premises which are subject to excessive 
wear and tear due to vibration. A tenant of such 
premises would be subject to a heavy burden of 
costs in maintaining and repairing; but, in the 
opinion of the Court, that was no reason why he 
should be allowed deduction from his profits not 
merely of those heavy costs but also in respect 
of the depreciation in the value of the factory 
occupied by him. Subsection (2) refers to premises 
which do not consist of or comprise electricity 
works or brickworks ; subsection (3) refers to such 
premises and buildings where machinery is operated 
by steam, electricity, water or other mechanical 
power. 

The fall in the value of the premises is a loss 
properly accruing to the owner, while the extra 
cost of maintenance and repair due to excessive 
vibration properly falls upon the tenant—subject 
to deductions for taxation purposes. Each category 
of loss or depreciation must be kept distinct. 
‘* General failure of structure,” the phrase occurring 
in the lease of Pirie, Appleton and Company, would 
seem to cover (a) hidden defects, and (b) decay in 
old fabrics. For (a) the tenant would not be held 





premises and so entitled to deduction for deprecia- | 
tion ; since, they contended, the whole burden of | 
depreciation fell upon them under the terms of their | 
leases. 

Pirie, Appleton and Company occupied a factory, 
some forty years old, under a lease for twenty-one 
years, and owned the whole of the plant and the 
machinery ; they had executed repairs to the works 
and the fixtures from time to time and had been 
allowed deductions for the costs of those repairs 
for income-tax purposes. By their lease they were 
bound to maintain the premises “in good condition 
and repair” during the currency of the lease, 
but they were “ not to be liable for damage arising 
to the building through actual subsidence or general 
failure of structure, but otherwise the whole respon- 
sibility for maintenance ” fell upon them, and they 
were bound to “hand back the premises to the 
lessors at the termination of the lease in as good 
condition as they received them.” At the termina- 
tion of the lease, on the other hand, they were 
entitled to remove the whole of the plant and 
machinery, whether movable or fixtures, without 
being liable for ‘any damage necessarily caused 
to the building.’”’ Stemco, Limited, leased a factory 
for twenty years and covenanted that they would, 
throughout the term, repair and maintain the 
premises and all additions and improvements, and 
yield up the premises at the termination of the 
tenancy “in good and substantial repair and 
condition.” The lessors, for their part, covenanted 
to keep the heating apparatus and boilers in good 
order and condition, although, in fact, the lessees 
had done any repairs necessary to the heating 
apparatus and radiators, the liability of the lessors 
regarding the heating apparatus having, apparently, 
been overlooked, while no repairs to the boilers 
had proved necessary. Repairs to the premises had 
been executed from time to time by the lessees, 
who had been allowed income-tax deductions. 

The Special Commissioners had decided in favour 
of Pirie, Appleton and Company but against Stemco, 








(T'o be continued.) 





Limited. The Court allowed the appeal of the 


by our Courts to be liable. In the lease of Stemco, 
Limited, the exception with regard to the heating 
apparatus and boilers, though relating to a com- 
paratively unimportant * appurtenance,’”’ was held 
sufficient to indicate that it was not the whole of 
the burden of depreciation which fell upon the 
tenant. 

Control Orders.—Rappaport v. London Plywood 
and Timber Company, Limited, heard by Mr. Justice 
Atkinson in the King’s Bench Division, has atforded 
a useful illustration of the working of the Control 
Orders, where a vendor has declined to deliver 
materials sold which are subject to such an Order. 
The plaintiff, a manufacturer of furniture, purchased 
quantities of timber from time to time from the 
defendants. The timber was warehoused at the 
docks but distinctively marked to show that it was 
invoiced to the plaintiff, who took deliveries, as 
and when he required, against bills accepted by him. 
On October 14, 1939, the defendants refused to 
make further deliveries to the plaintiff, setting up 
the position that he had not had a licence since 
October 3, 1939, so that delivery to him would have 
been illegal as from that date. 

The Emergency Powers (Defence) Act, 1939, 
passed on August 24, 1939, authorised the making of 
Defence Regulations, by Order in Council, for the 
purpose of ensuring the efficient prosecution of the 
war and maintaining supplies and services essential 
to the life of the community. Such regulations 
may provide for, inter alia, the taking of control 
of any property. Pursuant to this authorisation, 
the Defence (General) Regulations, 1939, were 
promulgated on August 25, 1939, and numerous 
additions and amendments have been issued since 
that date. Regulation 55 provides for the “ general 
control of industry,” and Regulation 98 for revoca- 
tion or variation of any rule made under the Regula- 
tions. Under Regulations 55 and 98 were made the 
Control Orders which were under consideration 
in this case, namely, the Control of Timber (No. 1) 
Order, 1939, dated September 1, 1939, and the 
Control of Timber (No. 5) Order, 1939, dated Sep- 
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tember 30, 1939, which came into operation on 
October 4, 1939. Numerous other Orders applic- 
able to engineering industries have been made, 
including, especially, such aspects as air-raid 
precaution and civil-defence works, fuel, lighting, 
electricity supply, repair of war damage, patents 
and designs, restriction of construction works, 
industrial supplies, transport and a great variety 
of others affecting kindred and subsidiary spheres. 
The Control of Timber (No. 1) Order, 1939, 
provides, by Article 1, that no person may dispose 
of more than 10 per cent. of his stock at the date 
of the coming into force of the Order . . . and 10 per 
cent. of his later-acquired stock. Article 3 restricts 
acquisition to persons requiring the timber for 
their own use or for the use of their business. The 
reference in the Order to 10 per cent. is “‘ 10 per cent. 
of the aggregate quantity of all such timber of the 
same category owned by that person.”’ In this case 
the plaintiff (and not the defendants) was the 
owner. The Control of Timber (No. 3) Order, 1939, 
made on September 15, 1939, had, in fact, raised 
the prescribed figure to 15 per cent. The Control of 
Timber (No. 5) Order, 1939, operating from 
October 4, 1939, provided, by Article 1 (1), that no 
person should acquire or take possession of, or 
agree or offer to acquire for consumption, any 
timber or boxboards except under licence from the 
Minister of Supply or in accordance with directions 
issued by the Minister. Article 1 (3) provides 
that a person who has acquired timber otherwise 
than for corisumption may not consume it without 
the permission of the Minister. Article 2 provides 
that a person may not dispose of or agree to dispose 
of any timber for consumption except to a person 
who produces a licence. Exception is made in 
the case of a purchaser of an amount up to 201., if 
he declares that his purchase, added to any other 
purchases mades by him, will not exceed 20/. per 


month. 

In the No. | Order, “ person” clearly means 
“owner.”’ In the No. 5 Order, in the view of the 
Judge, the same meaning must be ascribed to the 
term, for it cannot be intended to prohibit an owner 
from taking possession of his own timber without a 
licence. These Regulations are made in the public 
interest, and from that point of view it makes no 
difference which of two persons is in possession of 
timber belonging to one of them. The plaintiff, 
he concluded, was entitled to a declaration that 
the balance of timber undelivered by the defendants 
was his property ; the latter were bound in law to 
give the former delivery orders without requiring 
him to produce licences. Was the plaintiff also 
entitled to damages? The Control of Timber 
(No. 7) Order, 1939, came into operation on Janu- 
ary 1, 1940, and further restricted the consumption 
of timber; the plaintiff was thereafter unable 
to use the timber for making suites of furniture, 
as he could have done if delivery had been made to 
him in September or early October, 1939; he 
would be entitled to damages for loss of profit on 
proof of having incurred such a loss. 

Although the various Control Orders which affect 
the engineering industries in their varied phases 
are drawn in accordance with a general “* Defence 
Regulations *’ plan, they necessarily differ according 
to the material controlled by each of them. The 
particular Order must, therefore, be examined in 
each individual case to ensure both supplier and 
supplied party complying with the requirements 
of the law. 








CeNTRE.—H.M. Senior 
Africa reports that a 
concern known the Building Centre and Bureau, 
Garlick’s Building, Exchange-place, Cape Town, has 
recently opened an exhibition and information centre for 
architects and builders. The premises, which are well lit 
and specially adapted for exhibition purposes, already 
contain the editorial offices of the South African Architect, 
while exhibition space has been rented by a number of 
representatives of British and overseas manufacturers of 
building materials and by local wholesale distributors of 
Pamphlets and literature are on view, and 


AFRICAN EXHIBITIOD 
in South 


SOUTH 
Trade Commissioner 


as 


these goods. 


it is suggested, in The Board of Trade Journal, that firms 
in the United Kingdom should forward directly to the 
Centre and Bureau, complimentary copies of any publi- 
cations which may be of interest to the building trade in 
this market. 
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LETTER TO THE EDITOR. 


THE CIRCULATION OF WATER AND 

STEAM IN WATER-TUBE BOILERS, 

AND THE RATIONAL SIMPLIFICA- 
TION OF BOILER DESIGN. 


To THE Eprror oF ENGINEERING. 

Srr,—I have read with interest, in your issue of 
March 15, the paper by Messrs. W. Yorath Lewis and 
| Struan Robertson on the rational simplification of 
water-tube boiler design. 

In ENGINEERING of May 24, 1935, you kindly pub- 
lished a letter in which I pointed out that the Lewis 
boiler, which was described in the issue of the preceding 
April 26, did not differ from the Turgan boiler, used 
in France in lorries at the end of last century, except 
in the substitution for the well-known Field tube, 
adopted by Collet, Niclausse and Diirr, and consisting 
of one tube within another, of a modification of this 
generating unit containing two internal tubes. On the 
following September 13, Mr. Lewis replied that this 
difference was essential, and explained in detail the 
advantage that this new arrangement afforded, in his 
opinion, compared with the previous one. 

In the arrangement which he described in your 
issue of March 15 last, he seems to have reverted to the 
single internal tube. If this is so, his boiler as now 
made, does not differ from the old French boiler other- 
wise than by the addition of a short tube which dis- 
charges the emulsion of water and steam into the 
drum above the water level. 

Yours, etc., 
PavuL AUGUSTIN-NORMAND. 

81, Boulevard Francois ler, 

Le Havre, France. 
March 22, 1940. 








ELECTRICITY AS APPLIED TO 
METALLURGY .* 
By A. P. M. Fiemrine, C.B.E., D.Eng. 


Aprtications of electricity to industry, and also 
to every phase of human existence, increase year by 
year, and the metallurgical industry is no exception ; 
n fact, in certain phases of that industry, electric 
power has a more than usually significant application. 
The major metallurgical uses of electricity may 
broadly classified under the headings: electrolytic, 
electro-thermal, electrostatic, metal-working, and test- 
ing. The first two of these are perhaps the most direct 
applications. Electrolytic processes include such 
operations as the extraction of metals from ores, the 
refining of impure metals, electro-deposition of a given 
metal on the surface of another with the object of 
providing a decorative finish or one which will be 
resistant to corrosion or abrasion, and anodic oxida- 
tion processes, the latter being so far confined mainly 
to the surface protection of aluminium and its alloys. 
Electro-thermal processes include numerous extraction 
and refining operations in the fields of ferrous and 
non-ferrous metallurgy, and also many different 
varieties of heat-treatment operations covering a wide 
range of metals and alloys. The various electric-welding 
processes also come within this category. Among the 
advantages of electric processing are increased flexi- 
bility and greater purity of the final product, and the 
| attainment of higher temperatures and more accurate 
temperature control in furnace work. Furthermore, a 
large amount of energy can be liberated in a relatively 
confined space, and can be applied just where it is 
required, while the inherent efficiency is frequently 
higher than is the case with equipment operated by 
other means. Moreover, in some instances, for example, 
in the extraction of aluminium, electrical methods have 
proved far superior to other processes, both economi- 
cally and from the metallurgical point of view. 
Klectrolytic Processes.—It was Faraday who suggested 
that the neutral molecules in an electrolyte consisted 
of two oppositely-charged parts which he called ions. 
Under the electrolytic effect, these oppositely-charged 
parts dissociate, the positively-charged ions travelling 
to the negative electrode and vice versa. The historical 
development of electrolytic processes may conveniently 
be considered in three stages :—The first, dating from 
about 1800 to, say, 1836, covering the early experi- 
ments in the decomposition of electrolytes and the 
discovery of the means of depositing certain metals. 
The second period, from 1836-1870, was marked by 
considerable developments in primary batteries, 
including the Daniell cell, with its method of depolari- 
sation, all of which provided stimulus for industrial 


* Thirteenth William Menelaus Memorial Lecture, 
delivered before the South Wales Institute of Engineers, 
| at Cardiff, on Tuesday, March 19, 1940. Abridged. 


development in the electro-deposition of metals. The 
third period, from 1870 to the present time, embraces the 
contemporary development of dynamo-electric machi- 
nery to provide electrical energy on an unlimited scale. 
Electro-deposition has been applied extensively, and 
the electro-refining of metals from their ores has pro- 
ceeded on an ever-expanding scale, notable examples 
being the deposition of chromium for protection 
against corrosion and tarnishing and the electrolysis 
of fused salts for the production of metals, such as 
aluminium, magnesium, sodium, calcium and beryllium. 

Electro-chemical processes of a metallurgical charac- 
ter, applied at the present time, embrace electrolytic 
extraction, electro-refining, electro-plating, the electro- 
lysis of fused electrolytes and surface-treatment 
methods. Electrolytic-extraction processes include the 
recovery of metals, such as zinc and copper, from 
aqueous solutions. In electro-refining processes impure 
anodes of the crude metal are dissolved, during the 
passage of current in a suitable electrolyte, and deposited 
in pure form on the cathode. Almost the whole of the 
world’s output of copper is refined in this way, and the 
same general method is applied to numerous other 
metals, including nickel, lead, gold, silver and tin. 
Electro-plating is perhaps best known as a means of 
producing special metallic finishes, although it has 
other important applications, such as the production 
of certain alloys from the constituent metals, and 
electro-typing and electro-forming, in both of which 
processes surface forms can be accurately reproduced. 
Processes involving the electrolysis of fused electrolytes 
are now widely applied for the extraction of certain 
metals, of which aluminium is a typical example. 
Surface-treatment methods embrace all electrolytic 
cleaning and pickling processes, and also the anodic 
oxidation process, the latter being applied to aluminium 
and its alloys to build up an artificial oxide skin for the 
purpose of improving corrosion resistance. Such oxide 
coatings can also be dyed to give coloured decorative 
finishes. 

Some indication of the electricity required and the 
cost of the power employed in the production of certain 
metals is given in Table I, which also gives an indication 


TABLE I.—Electricily Required and its Cost in the 
Production of Certain Metals. 





Elec- | Cost of | Approx.| —s of 
tricity | Elec- | Selling | sicity 
Material. | Required tricity. | Price. | por cent 
kWh 1. per 1. per of sell 
|perton.| ton. | ton. ing price 
Ferro-manganese (75 per | 
cont. .. ee -.| 3,500) 2-3 | 19 12-0 
Ferro-silicon (45 per cent.) 4,500 3-0 | ll 27-0 
Ferro-tungsten (80-85 per | | 
cent. .. ~ .-| 8,600 5-75 | 524 Lt 
Ferro-chromium (6-8 per 
cent. C.) “J ..| 7,000] 4:7 23 20-0 
Aluminium |} 18,000 12- 94 13-0 
Magnesium : | 
(a) Electrolytic ..| 20,000 13-4 168 8-0 
(0) Electro-thermal ..| 24,000 | 16-0 168 | 95 
Sodium .. ied ..| 15,000 | 10-0 — i - 
Calcium : ..| 45,000 30-0 | 
Beryllium an ..| 65,000 43-4 — — 
Copper (extraction) ‘{} 23500 | 1-6 42 | 4-0 
» (refining) -.| "300 | 0-2 42 | 05 








of the cost of the electricity in relation to the selling 
price of the product. The yield of a product per unit 
of electrical energy varies enormously from one pro- 
duct to another; for example, the extraction of alu- 
minium requires 9 kWh per pound, whereas, in copper- 
refining practice, the power consumption is approxi- 
mately 0-08 kWh per pound. A noteworthy point 
regarding cost is that the majority of electrolytic 
extraction and refining processes work on a 24-hour 








basis, at steady load-factor, and it has also been 
possible to do something towards adapting certain 
|electro-thermal operations to make use of off-peak 
| periods in the power supply. Consequently, it is 
| usually possible to obtain electrical energy for these 
processes at reasonably attractive rates. 

|  Electro-7 hermal Processes.—During the past decade 
or 80, very great progress has been made in the science 
| of metallurgy. In ferrous metallurgy great improve- 
|ments have been made in the quality of steels, both 
| carbon and alloyed, and the demands in such fields 
as turbine construction and aero-engine construction, 
|have put demands on the metallurgist for steels 
| capable of withstanding increasingly arduous operating 
| conditions. Such demands impose refinements in 
| production, elimination of impurities, and scientific 
control of every process of melting and subsequent 
| thermal treatment. The applications of electricity in 
electro-thermal work may be divided broadly into 
| those concerned with fusion and melting, and those 
| concerned with heat-treatment processes. The three 
|types of electric furnaces, namely, arc, induction 
land resistance furnaces, each has its own fields of 
application. The are furnace was initially devised by 
Siemens, who demonstrated two methods, namely, 


| 
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direct arc heating, in which the furnace charge acts as | 





one electrode, and indirect arc heating, in which 
electrodes are arranged over the charge and an arc is 


struck between them. 


ciples have been widely used by designers. 


phase working was soon introduced, and it has proved 


possible to operate successfully arc furnaces capable 


Stassano built the first furnace | welding. This process has become a most important 
on the latter principle, and since that time both prin- | factor in the fabrication of metal parts, not only in 
Multi- | plant construction, but also in place of riveting in 


of holding about 100 tons of steel, although it is 


usual in this country to adopt smaller units. 
United States, at the present time, there are in opera- 
tion something like 700 furnaces, ranging between 
14 tons and 10 tons capacity. Many modifications 
have been tried embodying features, such as hollow 
electrodes for water cooling, special electrode-control 
arrangements, and designs to facilitate handling the 
molten charge. The limit of temperature of the electric 
furnace is that of the electric arc, about 3,600 deg. C., 
while that practically attainable in the fuel-fired 
furnace is probably below 2,000 deg. C. 

The induction furnace employs a principle first 
shown by Faraday, and in the early types, there was 
a laminated core having a primary winding fed from 
the electricity supply, while the secondary winding 
comprised an annular ring of refractory material 
embracing a limb of the laminated core and containing 
the metallic charge to be melted. The Ferranti furnace, 
built about 1887, was the first of this type, and was 
followed by the Kjellin, the Rodenhauser, the Hjorth 
and the Frick furnaces. At the present time, the 
Ajax-Wyatt is the most widely used of the cored-type 
furnaces. Another type of induction furnace is that 
known as the coreless furnace, first built by Northrupp, 
and widely used to-day. In this the charge is placed 
in a crucible, which is, in turn, placed in a water-cooled 
inductor. The latter is supplied at high-frequency and 
the charge is melted by induced eddy-currents. 

Regarding resistance furnaces, these are of various 
designs, which differ mainly according to the way in 
which the furnace is to be used. They are suitable for 
temperatures up to a maximum of about 1,100 deg. C., 
and the widest field of application is in connection 
with heat-treatment processes, such as annealing, 
hardening, tempering, etc. The resistance heating 
principle is, moreover, applied in the case of salt-bath 
furnaces, which are employed in heat-treatment work, 
It is interesting to note that the induction-heating 
principle is now also being applied in this field, and 
lends itself to accuracy in the application of heat to 
specific areas of machined parts, etc. The total con-' 
nected load of all types of electric furnaces in the 
United Kingdom, at the commencement of 1937, was 
estimated to be not less than 150,000 kW. In 1935 
alone, plant exceeding 30,000 kW was ordered. The 
production of steel by the electric method in the United 


Kingdom has increased steadily in recent years, as is | characteristics of the weld, after which, the process 
shown in Table II, the output having practically trebled 
between 1930 and 1937. 


In the 





Fig. 2. 


Welding.—Nowadays, consideration of the applica- 
tion of electricity to metallurgy would not be complete 
without reference to its use in the fusion of metals by 


structural work for buildings, and in the construction 
of bridges, ships, etc. An important advantage in 
connection with machine construction is the saving in 
weight and in material which can be effected in this 
way. In the case of frames for electrical machines, 
structures can be produced having about half the 
weight of the corresponding cast structure, without 
loss of strength or rigidity. One of the earliest methods 


TABLE II.—Electrical Production of Steel in the United 








Kingdom. 
Year. Total Production. 
Tons. 
1930 76,000 
1931 53,300 
1932 55,000 
1933 74,900 
1934 96,400 
1935 106,800 
1936 153,000 
1937 215,000 








of electric welding was that suggested by the experi- 
ments of Joule, who, in 1856, welded iron wires together 
by burying them in charcoal and heating with electric 
current. In 1877, Elihu Thomson, while experimenting 
with an induction coil, found that on discharging a 
condenser through the fine-wire secondary winding, a 
bright flash appeared at the ends of the heavy-wire 
primary coil, which were in contact. These ends were 
found to be firmly welded together. Based on this, 
Thomson built, in 1885, the first electric welding device, 
using a transformer to produce a relatively low secon- 
dary voltage which was applied to the pieces to be 
welded, the latter being held in contact by suitable 
clamps. This is the form of welding known as resistance 
welding, and is one still commonly used. 

Are welding processes followed the commercial intro- 
duction of the arc light in 1881. The heat of the carbon 
are was blown by a jet of air on to the metal surfaces 
to be welded together, and later De Meritens substi- 
tuted a single carbon as one electrode, the metal to be 
welded being the other. This process was further 
developed by Bernardos. The method has given way 
to the Slavianoff or metallic-electrode process of arc 





welding, in which the melt-bar or welding rod is used 
as one electrode, the other being the material to be 
welded. Development of this process was retarded 
until the introduction of suitable fluxes to improve the 


found wide commercial application. Usually the flux 


by Kjellberg, the action of the refractory being two-fold, 
namely, it permits the electromagnetic effect of the 
welding current to act upon the molten metal so 
rendering overhead welding possible, and it applies 
flux at a rate that adjusts itself perfectly to the melting 
away of the welding electrode. The atomic-hydrogen 
are process is a modern process comprising the use of 
two tungsten electrodes between which the arc is 
struck. Hydrogen gas is blown into the arc, the action 
of which, together with the catalytic action of the 
tungsten, dissociates the hydrogen molecules. Heat is 
thus absorbed from the arc and on the recombination of 
the hydrogen atoms outside the arc zone, heat is liber- 
ated which far exceeds that obtainable by any other gas 
flame. The heat is used to fuse the metals and addi- 
tional metal from a filler rod is fused in when required. 
The gas also acts as a protective envelope, resulting in 
strong, homogeneous welds. 

In the case of resistance welding, the principal forms 
are butt, flash, spot, seam and projection welding. In 
butt welding, the parts to be joined are butted together 
and contact maintained by pressure. On passing the 
electric current, heat generated at the contact renders 
the metal plastic, and the parts are then forced together, 
thus forming the weld. Flash welding is characterised 
by the parts being spaced a small distance apart, and 
the are struck between them when a current passes 
causes fusion temperature to be reached, and pressure 
is then applied. In spot welding, current is passed 
from one electrode to another through the material 
to be joined, a weld being formed at the point of 
application. Parts to be seam welded are placed 
between rotating discs forming the electrodes. Move- 
ment takes place in a series of steps, at each of which 
current is momentarily increased to a value necessary 
to raise the parts locally to the welding temperature, 
the weld being formed by mechanical pressure. In 
the projection welding process, projections are initially 
formed on one of the pieces to be joined, and are pressed 
against the other piece. The passage of current heats 
and welds these projections. Various modifications 
to these forms have been suggested from time to time, 
but are not in such wide use commercially. 

(To be continued.) 








WATER-CIRCULATION INDICATOR 
FOR INTERNAL-COMBUSTION 
ENGINES. 


Ir has long been customary to fit some form of 
indicator on the oil-circulating systems of internal- 
combustion engines, and recently a demand has 
arisen for similar equipment for the water-circulating 
system. This demand has now been met by the intro- 
duction of the “ Seeflo”’ circulation indicator or tell- 
tale, manufactured by Messrs, The Parsons Engineering 
Company, Limited, Town Quay Works, Southampton. 
This indicator, which is illustrated in Figs. 1 to 3, 
on this page, is of the visual type, and consists of a 
gun-metal casing in which slots are provided as shown 
in the figures. The casing serves as a protection for a 
large-diameter glass tube, which is held in position by 
the water connections at each end, as shown in Fig. 3. 
The essential feature of the indicator is a ball or float 
of special composition inside the glass tube, provided 
with indentations so arranged that, whenever water 
passes through the indicator from the bottom to the 
top, the ball is lifted from its seat and suspended at a 
height proportional to the rate of flow, the height at 
which it is floating being clearly visible through the 
slots in the casing. The indentations on the ball serve 
two purposes. In the first place, they are so shaped 
that it is continually rotated by the passage of the 
water in which it is suspended, producing a scouring 
effect on the interior wall of the glass tube, which 
ensures maximum visibility. The indentations also 
serve to prevent the ball from sealing the water inlet 
when at rest, so that it cannot act as a non-return valve 
to prevent the engine circulating system being drained. 
The material of which the ball is composed is immune 
from the effects of either salt or fresh hot water, and 
its specific gravity is such that, while not completely 
buoyant, it is lifted immediately by even a slight 
flow in the water. The ball is prevented from entering 


‘the outlet in any circumstances by the grating shown 


in Fig. 3. The indicator must be installed vertically, or 
at a very slight angle, and with the water flowing in 
the upward direction, there is no possibility of a steam 
or air lock. The material of which it is made is com- 
pletely non-ferrous. The only moving part is the light 
composition ball, and the clearances are such that no 
back pressure can be created in the circulating system. 
Four sizes are in regular production, suitable for water- 
circulation piping of bores varying between 4 in. and 
1} in. Various types are also available, differing 
only in the direction of the water outlets and inlets. 
as illustrated by the two models shown in Figs. 1 and 2. 
The larger sizes are provided with flanges at both ends 





is mixed with a refractory coating, as initially devised 





for making the water connections. 
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LABOUR NOTES. 

THERE was a very substantial improvement in 
employment between February 12 and March 11. 
Between these two dates the number of unemployed 
persons on the registers of employment exchanges in 
Great Britain fell by 382,887, according to the Ministry 
of Labour and National Service. As compared with 
March, 1939, this was a reduction of 605,716. A large 
part of the increase in employment was due to the 
improvement in the weather, but, in addition, there 
has been a general increase in industrial activity 
from other causes. Between February 12 and March 11 
there was a fall in the numbers unemployed in practi- 
cally every industry. The improvement in employment 
was most marked in building, public-works contracting, 
and agriculture and horticulture. The other principal 
industries in which employment increased included 
coalmining, brick making, stone quarrying, iron and 
steel and metal-goods manufacture, engineering, ship 
building and repairing, road transport, tailoring, 
printing and bookbinding, the distributive trades 
and hotel and boarding-house service. 


The total number of unemployed persons on the 
registers at March 11 was 1,121,213, of whom 965,667 
were wholly unemployed, 109,380 temporarily stopped, 
and 46,166 workers who normally get their living by 
means of jobs of short duration. Of the total number, 
742,304 were men, 25,673 boys, 311,703 women and 
41,533 girls. Between February 12 and March 11, 
the numbers of unemployed on the registers decreased 
by 42,762 in the London area, 30,731 in the Eastern 
area, 29,765 in the Southern area, 11,092 in the South- 
Western area, 42,958 in the Midlands, 38,344 in the 


North Midlands, 42,224 in the North Eastern area, 
62,727 in the North-Western area, 31,290 in the 
Northern area, 29,091 in Scotland, and 21,901 in 
Wales. 


At the end of February, 3,020 members of the Boiler- 
makers’ and Iron and Steel Shipbuilders’ Society were 

signing the books,” as compared with 3,477 at the 
end of January. During February, the number of 
superannuated members decreased from 3,636 to 
3,599 and the number of members in receipt of sick 
benefit increased from 1,498 to 2,225. The expenses in 
January were 4,125/. 15s. 5d.; in February they were 
5,6641. 38. ld. There was a net increase in the member- 
ship of 677. 


Writing in the March report of the Boilermakers’ 
and Tron and Steel Shipbuilders’ Society, Mr. Hodgson, 
the general secretary of the organisation, says that 
letters received from some of the branches suggested 
that some members were not quite clear in their 
minds as to the nature and scope of the Control of 
Employment Act. “ This was,” he continued, * one 
of the most important and comprehensive measures 
passed by the Government in the early days of the 
war. The Minister of Labour introduced the Bill on 
September 5, while the Trades Union Congress was 
in session, and as we have claimed the right to be 
consulted on all proposed legislation, a telegram was 
sent to him suggesting that the Bill could very well 
wait for consultation, and that progress with it should 
be deferred for that purpose for a week. Actually, 
the second reading was postponed for eight days and 


the T.U.C. have been in constant touch with the 
Ministry over the measure. The Act contains the 
following provisions. The Minister of Labour and 


National Service may, by order, (a) prohibit an employer 
to whom the Order applies from advertising for any 
employee to whom the Order applies without the 
Minister's consent, and (6) prohibit any such employer 
from engaging or re-engaging any such employee 
without the Minister's consent.” 


“ Before the Minister can make an Order under the 
Act,” Mr. Hodgson goes on to say, “ he is required to 
refer the Draft of the Order to a Committee consisting 
of an independent chairman and equal numbers of 
representatives of organisations of workers and organi- 
sations of employers which appear to him to be con- 
cerned. Any report made by such a Committee must 
be laid before Parliament with the Order when made. 
The Minister's power to withhold consent to the 
engagement or re-engagement of any employee is 
limited to those cases in which he is satisfied that 
suitable alternative employment is available for that 
employee. 
the Court of Referees regarding the suitability of the 
employment offered. If the employee's appeal is 
allowed, compensation is payable for any loss occa- 
sioned. I am not aware of any Order having yet been 
made, although, I understand, informal consultations 
have been initiated with representatives of organisa- 
tions of workpeople and employers in the engineering 


The employee has the right of appeal to | 


ENGINEERING. 
made under the first part of the Act prohibiting 
employers from advertising for certain specified classes 
of workers without the Minister’s consent. The point 


I wish to emphasise is that there has been no Order | 


made restricting the movement of our members.” 


The Joint Industrial Council for the Chemical | 
Industry has agreed to further increases of wages. | 
Adult time workers are to receive an advance of jd. | 
an hour as from the beginning of the first full pay week | 
in April and a further }d. an hour as from the beginning 
of the first full pay week in July. Piece-workers are 
to receive an equivalent advance, and women and 
youths an advance equal to 50 per cent. of that for 
men. These increases bring the total amounts paid | 
in advances in the chemical industries, since September ! 
last, up to 2d. an hour to men and Id. an hour to women 
and youths. The unions represented on the Joint 
Council are the General and Municipal Workers’ Union 


| 


and the Transport and General Workers’ Union. 


Details of increases in the rates of industrial bonus | 
payable to adult workpeople in Admiralty establish- | 
ments at home are given in an Admiralty Order. They | 
are to have effect as from February 19 in H.M. dock- 
yards and other establishments in which the dockyard 
system of payment is applied. In establishments 
situated outside the London area the standard rate of | 
bonus and the rate of bonus for Yardcraft men is to | 
be increased as follows :—Standard weekly rate of | 
bonus from 22s. to 27s.; rate for seven-day men from 
258. 8d. to 31s. 6d. ; rate for Yardcraft men other than 
salaried grades, from 22s. 9d. to 27s. 5d. The weekly | 
bonus of skilled men in the London area will be | 
increased from 24s. to 29s, ; that for skilled men in the 
London area (seven-day men) from 28s. to 33s. 10d. ; 
that for semi-skilled and unskilled men in the London 
area from 238. to 28s.; that for semi-skilled and 
unskilled men in the London area (seven-day men) 
from 26s. 10d. to 328. 8d.; and that for Yardcraft men 
in the London area, other than salaried grades, from 
238. lld. to 28%. 7d. Seven-day men are those who 
normally receive seven-sixths of the bonus for six-day | 
men. The increases for men employed in home estab- 
lishments outside the London area are also to be paid 
to workmen (including storehousemen and laboratory 
men) serving under agreement in H.M. naval establish- 
ments abroad. 


The bonus rates for apprentices in H.M. dockyards, | 
etc., are to be increased as follows, as from the same 
date :—That for first-year apprentices from 7s. 6d. to 
8s. 6d.; that for second-year apprentices from 8s. 6d. 
to 9s. 6d.; that for third-year apprentices from 
lls, 6d. to 138. 6d.; that for fourth-year apprentices 
from 13s. 6d. to 15s. 6d.; and that for fifth-year 
apprentices from 15s. to 17s. 6d. The corresponding 
rates of bonus payable to junior apprentices, yard boys, 
yarderaft boys, ete., in the establishments at home | 
are to be increased to the same extent. No variation | 
in the rate of bonus of juvenile employees is to be made | 
save as specifically provided. 


An Order made by the Ministry of Supply under the 
Defence Regulations requires all factories to make | 
periodical returns giving information about their 
labour and production. The earliest returns, which 
were due to reach the Ministry on Tuesday this week, | 


cover the engineering, motor-vehicle, aircraft and | 
shipbuilding and ship-repairing industries. Other | 
industries will be dealt with in later returns. The | 


census aims at the complete planning of labour supplies 
in factories for war requirements. Forms will be 
issued through the employment exchanges to the 


| employers, who will have to fill in details about pro- 


ducts being manufactured and labour employed. 
Information to be required as to the products manufac- 
tured will include particulars of the main normal or | 
peacetime products and the main products which have 
been or are being manufactured on Government account. 
The information required as to labour will include the 
approximate percentage of the total labour which is 
being employed on Government work, for the export 
trade, and for the home market. In addition to giving 
the total number of men, women, boys, and girls | 
employed at the present time and in June, 1939, 
it will include particulars of the numbers in certain 
broad occupational groups. Office staffs and salaried 
persons will not be included in the census. 


| 
| 


The returns are intended to serve three main purposes. 
They will provide information eoncerning the proportion 


| dealing with 


Minister of Labour have been studying the distribution 


| of labour in various undertakings. 
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They will be of value to the Area Supply Boards in 
problems arising in the planning of 
production. It is proposed that future returns shall 
be obtained at quarterly intervals, supplemented by 
a modified scheme for the intervening months. The 
making of returns is compulsory. 


A Government Bill to raise all wages was passed in 
Iceland on January 5, 1940. Under it a cost-of-living 
bonus is to be paid, equivalent to three-quarters of the 
rise in prices for unskilled and lower-paid workers, 
two-thirds for higher paid workers, and one-half for 
the highest paid workers. During the past year the 
index number of prices has risen by 12 per cent. 

Special commissions appointed by the German 
The basic regula- 
tions on this question are contained in an Order issued 
by the Commissioner for the Four-Year Plan on 
September 28, 1939, which provided that (1) under 
takings, which, in view of the kind and extent of their 
orders, can release skilled workers, must immediately 
inform the employment offices to that effect; (2) in 
undertakings in which there is a demand for additional 
labour the demand must be reduced to a minimum ; 
and (3) employers must energetically undertake the 

training of persons hitherto engaged in other occu- 
pations and of women. The Minister may, moreover, 
oblige employers to take on additional workers for 
re-training purposes. The object of the Commissions 
was to study on the spot the extent to which this Order 
had been applied. They examined the relationship 
between the development of the tasks to be accom 
plished and the corresponding changes in the number 
of workers. They noted in certain cases that employers 
whose orders decreased retained their full complement 
of skilled workers although there was a shortage of 
such workers elsewhere. They pointed out that 


| important conclusions must be drawn from the fact 


that goods which are not important for the war must 
gradually disappear; in some cases it appeared that 
undertakings had accepted orders for goods which they 
had neither the equipment nor the labour to fulfil, and 
had then applied for skilled labour which could only 
be obtained from other undertakings. 


Finally, the Commissions drew attention to the 
possibility of remedying the lack of skilled workers by 
measures relating to the undertakings’ own employees. 
Thus, in most undertakings there were skilled workers 
who were not engaged the whole of their time on skilled 
work; there were also workers who had had varied 
experiences and who were capable of being trained for 
skilled work. Moreover, it was the duty of the employe: 
to discover other talent and to make use of it. Only 
when undertakings could ensure an efficient use of their 


| skilled workers, the training and re-training of workers, 


the engagement of women and the necessary organisa 
tion of the business could they be considered as healthy 
from the point of view of labour distribution. In order 
to enable the employment offices to have accurate 
information concerning the distribution of labour 
within the undertakings of their district, it has been 
decided that each office shall maintain a card index 
for each undertaking, in addition to the work-book 
card index which already exists. The new card index 
will serve as the basis for any measures that may be 
adopted for the release of workers from undertakings 
and for judging whether applications for labour by 
undertakings are justified or not. 








PILE-DRIVING Pocket Boox.—A new edition of the 
B.S.P. Pocket Book of tables and information on pile- 
driving operations has recently been issued. It includes 
a new section on the driving of Larssen steel sheet piling 
and several of the other sections have been revised and 
enlarged. The matters dealt with include the design of 
cofferdams and retaining walls, pile-driving plant and 
bearing piles, and much useful information on these and 
cognate subjects is given. The pocket book is published 
by The British Steel Piling Company, Limited, Thames 
House, Millbank, London, S8.W.1. 


ASSOCIATION OF ExX-SIEMENS MEN.—The annual 


concert of the Association of Ex-Siemens’ Men was held 
at the Bedford Corner Hotel, Tottenham Court-road, 
London, W.1, on Friday, March 29, Mr. J. Snow Huddles- 
ton being in the chair. During the evening the committee 
for the ensuing year were elected, Mr. R. R. Griffin and 
Mr. P. C. Pope also being re-elected honorary secretary 
and honorary treasurer, respectively. It was stated 


of the labour, in certain vital industries, which is | that the membership had fallen from 150 to 140, and it 


employed on production for the war effort, or in the 
export trade, or for the home market respectively. 
They will yield valuable information as to the distri- 


was also pointed out that the time had come to place 
this entertainment on an economic basis, its continuance 


| for some years only having been possible owing to the 
and building industries with a view to an Order being! bution of skilled labour among the various industries, |! anonymous generosity of some of the members. 
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FORTY YEARS’ DEVELOPMENT IN 
MECHANICAL ENGINEERING PLANT 
FOR POWER STATIONS.* 


By Sm Leonarp Pearce, C.B.E., D.Sc. 
(Continued from page 318.) 
THE second part of this lecture deals more generally 


with some of the fundamental factors which have 
influenced the advancements made in the design and 
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] 
soon increased to 190 Ib. to 200 Ib. per square inch. | higher steam temperatures of the order of 850 deg. 
Average pressures remained at this level for many | and 875 deg. F. It is too early yet to mark any further 
years, but, with a growing appreciation of the value | definite step, but plant is under construction for two 
of superheat, steam temperatures were gradually | stations at 1,300 Ib. to 1,400 Ib. per square inch and 
increased to 500 deg., 600 deg. and 650 deg. F., and | 950 deg. F., with feed heating to 400 deg. F., and it 
during this period “ bled ”’-steam feed-water heating | seems probable that conditions of this order may become 
was introduced, to yield feed temperatures of about | stabilised. These figures all relate to the straight 
180 deg. F. The next step was an increase in steam | regenerative cycle, for which the majority of plants in 
pressure to about 350 Ib. per square inch, and in! this country have been designed. 
temperature to about 700 deg. to 750 deg. F., accom-| In the United States the steps taken to improve 
panied by an extension of bled-steam feed heating to efficiency, at a time when steam temperatures were 
_ limited by available materials to about 700 deg. to 
| 750 deg. F., were rather different, for pressures were 
| increased to about 1,200 lb. per square inch. To 
24. ADIABATIC HEAT DROPS | counteract the correspondingly high percentage of 
| moisture which would be formed in the turbine exhaust 
| with this high pressure and comparatively low tem- 
| perature, the reheat cycle was adopted. Thus, while 
thought in this country was directed towards increasing 
| temperatures, it was towards higher pressures that 
developments were taking place in the United States. 
One somewhat later plant in the States which has 
given outstanding performances in the last few years 
is the Port Washington station of the Wisconsin Power 
Company, where a steam pressure of 1,230 Ib. to 1,320 Ib. 
| per square inch and temperature of 825 deg. F. were 
| adopted, with the reheat cycle. A review of the latest 
| practice in the States appears to indicate that, since 
| steam temperatures of 900 deg. to 950 deg. F. have 
| been shown to be practicable, many plants are being 
designed for these temperatures with pressures of about 
1,200 to 1,300 lb. per square inch, but without the 
complication of reheat. 

One of the latest and most interesting plants put 
into service in this country, by the North Metropolitan 
Company at their Brimsdown “ A ”’ station, is operating 
at 1,900 lb. per square inch and 930 deg. F., and uses 
the reheat cycle. The type of boiler selected made it 
essential to adopt a pressure not less than about 
| 1,800 Ib. per square inch; and with a limiting steam 
| temperature of 930 deg. F., the reheat cycle had to 
| be adopted to avoid excessive moisture. The terminal] 
| conditions were, therefore, to some extent determined 
| by the type of boiler. The highest pressure so far 
| projected for steam power stations appears to be the 
2,400-Ib. per square inch, 940-deg. F. plant for the 
Twin Branch station of the American Gas and Light 
|Company, operating on the reheat cycle to avoid 
excessive moisture with this very high initial steam 
pressure. It is anticipated that this plant will come 
into operation next year. 

To demonstrate the effect on efficiency of increasing 
steam conditions, Figs. 23 to 28, on this page, have 
been prepared, Figs. 23 to 25 referring to the straight 
ADIABATIC HEAT DROPS regenerative cycle and Figs. 26 to 28 to the reheat 
cycle. For the former, various typical plants which 
I mentioned in the earlier part of this lecture have 
been taken, and these are given in chronological order 
in Table III, on page 398. Fig. 23 shows the adiabatic 
heat drops corresponding to each of the conditions, 
plotted on a total heat-entropy diagram. As it happens, 
the lines for the earliest 150-lb. per square inch dry 
saturated atmospheric-exhaust cycle (1) and the latest 
1,350-lb. per square inch, 950-deg. I’. cycle (12) are 
adjacent, and they indicate very clearly the enormously 
improved potentialities of the latest steam cycles. The 
way in which this has been attained in gradual steps is 
shown more clearly in Fig. 24, in which diagram 
the same heat drops have been plotted against a time 
basis. 
| While adiabatic heat drop gives a good indication 
| of the comparative possibilities of plant when this 
operates on the straight condensing cycle, it does not 
| tell the full story when bled-steam feed heating is 
|used. To take this into account, it is necessary to 
| calculate the basic efficiency, which gives a comparative 
| figure for heat rate and thermal efficiency under any 
1940 | conditions of feed heating or straight condensing opera- 
|tion. In Fig. 25, therefore, the basic efficiency corre- 
|sponding to the steam conditions of the various 
| b 6 soi plants has been plotted against time, and this 
shows even more clearly how the improvements in 
| terminal conditions have increased the possibilities of 
| attaining high station efficiencies. The main con- 
| sideration, which determines how near to the basic 
| efficiency the actual operating results attain, is the 
| eMtistonay of the prime mover, and a second curve is 
| shown in Fig. 25 giving the actual thermal efficiency 
|of the prime movers concerned in each of the cases 
| previously referred to. 
| The two other factors which have to be taken into 
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1923 
be ag Year “EvenEEING | account in arriving at the final overall thermal per- 


operation of power-station plants. At the beginning | a 
of this century, steam pressures were commonly about | a 


| formance of the station are the boiler efficiency and 


bout 250 deg. F. A further stage, which commenced | the general operating conditions, and the curves 
bout eight to ten years ago in this country, was | shown at the bottom of Fig. 25 represent the annual 


— Ib. per square inch, dry saturated, and this was | the increase in pressure to 600 Ib. to 650 Ib. per square | thermal efficiencies on the basis of the units generated 








ee — inch, with a steam temperature of 800 deg. F. and and the units sent out for a number of the stations. 


* The 26th Thomas Hawksley Lecture, delivered before | feed heating to 300 deg. to 350 deg. F. At the present | Records are not available for some of the earliest 


the Institution of Mechanical Engineers, in London, on | time, many plants are in operation or under construc- 


stations, but it is significant that since the beginning 





Friday, January 19, 1940. Abridged. tion for these conditions, with, in some cases, slightly | of this century the overall operating efficiency of 
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power stations has risen from less than 10 per cent. 
to the present level of the order of 30 per cent.; and 
the fact that 


attained largely by improving the steam conditions. 


[ think we may look forward in the future to obtaining | 
actual operating thermal efficiencies of the order of | 


35 per cent, 


rABLE Ill. 


the actual results are in line with the | 
basic efficiency shows that these results have been | 
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the temperature-entropy diagrams of Fig. 29, on this; it as the only objective of operation, at the expens* 
page, for some nineteen heat cycles which have been | of other sound engineering considerations. Therma! 
previously mentioned. The diagrams indicate an | efficiency is only important in so far as it is regarded 
improvement in the basic efficiency, over a period of | in its appropriate perspective in the production of 
forty years, from about 15 per cent. to over 50 per cent. | electricity at the lowest possible price. In considering 
Since 1923, annual returns of performance of power| any new project it is fundamentally necessary to 
stations in this country have been published by the | deduce a figure for thermal efficiency in order that an 
Electricity Commisssioners. The figures for those | estimate can be made of fuel costs; and after making 

}due allowances for reliability, continuity of supply, 
repairs and maintenance costs, etc., the final test is 
the comparison of the savings in fuel cost to be obtained 
by the adoption of high-efficiency cycles with the 
increased annual charges on the capital cost of such 





| 
Terminal Conditions 





= | plant. The choice of the heat cycle is peculiar to 
“et — . ° 

No. | Date Station Size of Unit Maher ean Pres- Tem- Va- — levery station, and what may prove to be the best 

sure c Pre wT . - ° 
tn aos pera- wo od —_ | selection for a base-load station will probably be quite 
sq. in Dee of Mer-| ture. | unsuitable for a peak-load station. I think that it is 

gauge cury. | Deg. F. | not beyond the bounds of probability that steam tem 
| peratures of the order of 1,000 deg. F. will eventually 
1 | 1805 | Manchester-sq 100-kW turbine | CG. A. Parsons 3.000 150 “rs be adopted, but I do not consider that very much is to 
; (dry sat.) be gained by exceeding operating pressures of 1,500 Ib. 

Tiny Stuart-street 1,500-KW (2.500 | Yates and Thom a4 160 371 26 | per square inch 

i.h.p. engine) (dry sat.) This revi f a : onditions ld 

Wot »00U-KW (7,000 | Wallsend Slipway 75 190 ett) 27 his review 0 ; termina operating conc itions wou 
- i.h.p. engine) : be incomplete without a reference to the principle of 
1} 1007 §,000-kW turbine | Willans Siemens 1,000 190 500 27 ** superimposition,” which has been developed in recent 
, vid 1o.00D Howden Siemens 1,000 190 530 27-5 A . ee “ ‘ I 
6 | lvl 26 000 Richardsons, Westyarth 1,500 200 600 28 years, more particularly In the United States. t 
7 |) 1923 | Barton 27,500 Metropolitan- Vickers 1,0 350 700 29-1 | 200 consists of installing extra high-pressure or high- 
S| 10c6 4100 ; 1,500 350 700 29 300 . . Sin seainaiiaiiaaa . ‘ » exhaust 
» | 1920 | Deptford West +e rd o> jan 4 oan | pressure back-pressure turbo-alte rnators, the exha . 
1” | 1933 | Battersea “A 69,000 Met. Viekers-B.T.H 1500 570 ano 29-1 | 349 «| Steam from which is utilised in existing low-pressure 
tt | 1s 1US,000) Metropolitan- Vickers 1.500 600 80 | Bed | BHO turbo-alternators. It is an economical way of stepping- 
a | ; up the efticiency of a station without the installation 

mo ;° me +0 . t 4 . - . “ais . 

_ | Secondary | ['?"8 ho 29-1 | 400 | of complete new plant. To provide steam for thes« 
1,500 “topping units,” new extra high-pressure or high 

pressure boilers are required, but on the turbine sid 
|the new plant merely comprises comparatively small 
Figs. 26 to 28, and Table IV, opposite, show a|steam stations which have achieved the highest | high-speed units, which can often be accommodated 
; \ or On — P - —_ — * . + x wy 
similar comparison to Figs. 23 to 25, based upon well- | thermal efficiency in each year are shown in Table V | in the existing turbine room without any very heavy 


known plants operating on the reheat cycle, and the 
same general tendency for improvement over the years 


will be noted. The significance of the increase in basic 


efficiency which has accompanied the improvements in 
steam conditions is conveniently and clearly shown on 


encies. 





and Fig. 30, on the opposite page, together with the | building or foundation costs. 
steam conditions and the corresponding basic effici- | 


In some studies which I had occasion to make some 
| time ago, I found that, by adopting steam conditions 


It is sometimes suggested that thermal efficiency | of 1,350 Ib. per square inch and 950 deg. F. for the 
is misleading and that there is a tendency to consider’ primary units, the order of the improvement over 
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existing low-pressure plants was as shown in Table VI, | 
on this page. 

The gains depend upon a number of considerations, 
such as the means taken for feed heating—a problem 


TABLE IV.—-Sizes AND TERMINAL CONDITIONS OF POWER STATIONS: REHEAT CYCLE. 


Size of | Initial Steam. Reheat. 
: . 77 ver Speed 
No. | Date. Station. Unit. cape = aba 7 , 
| kw. | R.p.m. j | ‘ Vacuum. Final 
Pressure. | Pressure. | .» Inches of | Feed. 
Lb. per .- Lb. per a ong | Mercury. | Deg. F. 
aq. in. Deg F 8q. in. Dee i | 
gauge. "| gauge. | ae 4 | 
7 7 ine 7s ee | | | 
| j = wei) — a. ae a ~~ 1 ae 
13 | 1920 | North Tees 20,000 2,400* 450 650 65 500 29 | 300 
1927 | Powerton 55,000 | 1,800 | 615 725 140 | 725 29 | 350 
|( Primary )} | | | 
5 | 192 ‘ : Rs ) 3,600 , went . wr P 
1 | 1929 | Deepwater 53,000 |) Secondary | 1,200 | 725 | 370 70 20 | 434 
ce anaes IL 1,800 ° J] 
i6 | 1933 | Dunston “ B” 50,000 1,500 600 300 115 800 en 
17 | 1935 | Port Washington 80,000 | 1,800 } 1,280 825 | 360 B25 20 | 382 
18 | 1938 | Brimsdown “A” | 52,700 | 3,000 1,900 930 190 810 28-5 | 340 
{ Primary } 
. . atl es — } 3,600 toes b 
19 | 1940 Twin Branch 67,500 1} A. P| 2,300 940 400 850 20 | 400 
| | 1,800 : 
| | 
Fler ee a 
TABLE V.—HIGHEST THERMAL EFFICIENCIES OF BRITISH STEAM STATIONS, 1923-38. 
eee iek (FROM ELECTRICITY COMMISSIONERS’ RETURNS.) 
Terminal Conditions at Turbine. 
Year Stat Unit — | | Pressure 
ending — Company. Gensseted. _— Pressure. | Tempera- at | Feed 
| Percent. | Lb. per ture. Exhaust. | Tempera- 
} sq. in. Deg. F. | Lb. per B. 
| gauge. | sq. in. Deg. F. 
abs 
| 
1923 | | Carville“ B North Eastern Elee- | 244,649,340 | | 252 | 685 | 4-10 * 
(March 31) | tric Supply Co. | 
an Barton Manchester Corp. 86,747,286 350° 650* | 0-49* 200° 
1996 ” . *» “ae 126,552,660 | 29-6 | 350° 650* 0-49" | 200° 
1997 ” i » «-| 269,036,130 | 41-0 352 655 0-48 | 200 
1928 ’ ” » +-| 300,771,400 | 53-2 354 | (662 0-49 | 202 
1929 Padi ” ++] 325,427,230 | 51-2 358 | 684 0-49 | 201 
vat | = iham 5 Electric | 67,043,877 | 42-5 | 245 =| 597 | 0-313 | 123-5 
aid c ; | ‘ower Company | | 
— Kearsley a ei 129,624,646 | 42-3 | 306 687 0-422 | 195 
(Dec. 31) | | | 
— Deptford West. .| London Power Co. . 314,933,020 | 44-1 | 369 | 756 0-428 | = 239 
1933 arence Dock ..| Liverpool Corporation| 204,866,910 43-0 440 705 0-43 268 
1934 Becther “ p® war * | 275,891,530 | 56-8 138 | 709 0-475 276 
arking “ B County of London 580,180,000 51-7. | 610 812 0-443 | 305 
100s R ey Electric Supply Co. } 
cone attersea “* A London Power Co. ..| _ 797,749,600 | 68-1 | 600 824 0-438 | 322 
1937 ” | 1,050,147,270 | 60-8 592 | 826 0-438 327 
1938 oe. ey i hai is | 1,206,604,200 56-3 | 593 29 | 0+457 330 
sis iuston * B North Eastern Elec- | 775,216,000 59-4 607-5 ; | 802 ; 720 0-434 | 319 
tric Supply Co. | | 92-5t | 
———_— — a a Te een: a ee eee, ee ee nets 
* Assumed. t Reheat plant. 


which may not prove easy in the case of old turbines 
where it is difficult to provide the necessary bled steam. 
It is natural that the scheme only appears attractive 
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be maintained. Otherwise, the thermal savings do 
not merit the ry expenditure of the new extra 
high-pressure or 
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in the case of older stations, the plant in which has 
been more or less relegated to peak-load service, and 
the advantages of superimposition would only be 
realised, provided that a reasonable load factor can 
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also has to be kept in mind is the life of the older plant, 
and this has to be considered from the point of view 
of actual “ physical ” life as distinct from “ statutory ” 
life. 

Due to the continued erection of new high-efficiency 
stations in this country for base-load purposes, and 
the consequent plant capacity relegated to peak-load 
service, it does not appear that, for the present, super- 
imposition is likely to become popular on this side of the 
Atlantic.. In the United States, on the other hand, 
there has been a temporary check in output during 
recent -years, with the result that new stations were 
not required, and the principle of “topping” has, 


TABLE VI.—IJmprovements in Efficiency with Extra High- 
Pressure Superimposition. 





Improvement in 
Efficiency with 
Extra High- 


Existing Steam Conditions. 








Pressure 
Pressure. Temperature. Superimposition. 
Lb. per sq. in. Deg. ¥. Per cent. 
600 825 10-11 
350 750 22-24 
250 700 34-35 








therefore, been found advantageous in improving the 
efficiency of existing stations. 

I should make a passing reference to the binary-fluid 
mercury cycle. Some years ago, when the efficiency of 
steam stations was of the order of 20 per cent. to 22 per 
cent., with heat-consumption rates of 17,000 B.Th.U. 
to 15,500 B.Th.U. per kWh, the mercury-vapour 
cycle, with potential heat rates of 10,000 B.Th.U. to 
11,000 B.Th.U. per kWh, appeared to be most attrac- 
tive, and to represent advances which would be 
impossible with the steam cycle. But the steady 
improvements made in the steam cycle by the adoption 
of higher steam pressures and temperatures have done 
much to bridge this gap. Heat rates of 11,000 B.Th.U. 
per kWh have been obtained on certain steam plants, 
and even lower figures are projected for new stations. 
These facts, coupled with certain difficulties experi- 
enced with mercury-vapour plants, have prevented 
them from receiving any widespread application, 
although the plant of the Hartford Power Company of 
America has produced some excellent results. The 
development of the mercury-vapour cycle is due to the 
inventive genius of Mr. Emmett. 


(To be continued.) 








THE MEASUREMENT OF HEEL 
AND TRIM.* 


By T. U. Taytor, A.M.L.N.A. 


Tue usual method of measuring the heel of a ship 
by means of a plumb line or pendulum suspended 
against a batten is simple and effective, but has dis- 
advantages. The pendulum is required to be long, 
and in many cases this means suspending it at a poiut 
high up in the ship, some distance above the centre 
of oscillation, with the result that the movements of 
the pendulum may be unsteady, and it is difficult to 
judge the mean position. It is the practice with the 
author’s firm to suspend the “ bob” in a trough of 
oil; this damps the movement considerably, but by 
no means completely. Furthermore, in some types of 
ship it is difficult to find a position for pendulums of 
the length desired. It appeared to the author that if 
the surface of a very small quantity of fluid were used, 
and its deflection magnified and measured by observa- 
tion of the deflection of a beam of light reflected from 
its surface, some improvement in steadiness might 
result. Such an arrangement would give double the 
deflection in a given height. Advantage of this com- 





| pactness might be taken in either of two ways : 


(1) the length of pendulum might be increased and more 
sensitive readings obtained ; or (2) the fluid reflector 
might be placed near the centre of oscillation of the 
ship, with a possible gain in steadiness. There would 
be another incidental advantage, as the ‘“ pendulum ” 
would be virtually turned upside down, thus allowing 
the deflections to be observed in an accessible position 
at or near the deck. After some experiment an instru- 
ment was designed and made for testing on board ship. 
The fluid reflector actually used is oil. The instru- 
ment consists simply of a projector for projecting the 
light beam on to the fluid reflector, and a translucent 
screen inscribed with a scale, on which the reflection 
* Paper contributed to the Transactions of the Institu- 
tion of Naval Architects for discussion in writing. 
Abridged. Comments should be in the hands of the 
Secretary at 10, Upper Belgrave-street, London, 8.W.1, 
not later than April 30, 1940. 











igh-pressure plant. A point which 
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is received and the deflection measured. The light 
beam is projected by focusing an image or shadow 
by means of an ordinary lantern projector lens of 


about 2 in. diameter and 8 in. focal length, in a 
rack and pinion focusing mount of conventional 
pattern. The image or shadow is produced by means 


of a small triangular aperture of about 4 in. side, 
with one side parallel to the fore and aft axis of the 
instrument ; the projection of this side gives the 
reading edge or shadow on the screen, while the open 
part of the triangle illuminates the figures on the 
scale. The triangular aperture is made from three finely 
cut strips of opaque paper pasted together and fixed 
st the correct focal distance from the lens. The image 
or shadow of this aperture, when projected a distance 
of 30 ft., gives a triangle of about 3 in. side. 

No lens is used, and sufticiently 
illumination is obtained from the fact that the filament 
of the lamp is out of focus, while an intense beam is 
produced without the use of a special type of lamp. 
An ordinary 230-volt, 60-watt, gas-filled Osram coiled- 
coil lamp is used, the bulb being clear. It is arranged 
in a horizontal position with the filament along the 
fore and aft axis of the instrument, the effect being to 
stop down the lens slotwise, i.¢., only a narrow strip 
of the lens is used. This gives suffi- 
cient definition on the edge of the shadow to read the 
scale to about 0-01 in, to 0-02 in. The oil reflector is 
carried in a small container 2} in. in diameter and } in. 
deep, which is filled to a depth of about } in., a light 
lubricating oil being used. Three rubber studs are 
fixed to the underside of the container and three to 
the underside of a small on which it 
mounted, to insulate from vibration. A metal screen 
protects the reflector from draughts and dust, as shown 
in Figs. 3, 4 and 5, on this page. 

The translucent on which the reflection 
received is enclosed in a box with a narrow slot in the 
bottom to admit the reflected beam and a similar 
slot in the top for viewing the shadow or reflection on 
The screen is made of tracing cloth and is 
supported half-way up inside the box, which is about 
vin, deep The inside of the screen box, the inside of 
the reflector container, and the whole of the outside 
of the instrument are painted with flat black paint. 
Che projector and the box containing the screen are 
mounted together on a baseboard, the level of which 
can be adjusted by means of three wedges. The 
instrument is supported above the oil reflector, and 
the light beam is projected cownwards so that the 
reading edge of the triangular image strikes the reflector 
at its centre and along its fore and aft axis, and is 
reflected from thence on to a centre mark on the screen. 
The reflected image is then sharply focused on the 
screen by means of the rack and pinion adjustment in 
the lens mount. The screen is marked with a scale 
in inches and tenths, and is 5} in. long on each side 
of the centre mark. A detachable hood with an 
inclined mirror can be fitted over the upper slot in the 
screen box so that the scale may be read horizontally 
if head-room is limited. Fig. 1, on this page, shows 
the instrument assembled for use, and Fig. 2 shows the 


condenser even 


scross the centre 


base board Is 


screen 


18 


the screen 


component parts. 
The first test on board ship was carried out during the 
inclining experiment on 


a large cargo liner, and the 
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virtual length of pendulum was 24 ft. 5} in., the) 


screen being 12 ft. 2} in. above the oil reflector. The 
inclining ballast was arranged in four groups in the 
forward well. Wind, 8.W., light. Ship moored N. to 8. 


Two ordinary pendulums were used, each 39 ft. long, | 


the forward one in No. 2 hold and the after one in 
No. 5 hold. These pendulums were arranged in the 
usual way with the bob immersed in a trough of oil, 


and were suspended at points about 44 ft. above the | 


keel. The heel indicator was set up in the after end 
of the bridge “tween decks over a small trimmers’ 
escape hatch to the ‘tween decks over the deep tank. 
The height of this "tween decks is 10 ft. 10 in., beam 
to beam. The support for the instrument consisted 
of two 2} in. planks bolted to small angle lugs tack- 
welded to the hatch coaming with a space of 134 in. 
between the planks transversely. The support was 
levelled transversely to allow for camber of deck, the 
escape hatch being about 20 ft. to the port side. In 
the "tween decks immediately under the hatch a board 
about 2 ft. square was placed to level off the camber. | 
The reflector base board and oil reflector were placed | 
on this board, the reflector being about 26 ft. above the 

keel, and the instrument mounted on the supports 

above. The experiment took place at night and there | 
were a number of lights in the ‘tween decks above and 

below the instrument. There was no difficulty in|} 
adjusting the instrument with all lights on, one lamp 

being nearly over the instrument and one over the 

reflector. During the experiment all lights near the 
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seen that the instrument gave steady and consistent 
readings, and the result was almost an exact mean of 
those for the two ordinary pendulums. The amplitudes 
of swing on the forward pendulum and on the instru- 








TABLE I. 
Forward After 
Forward After Heel Indicator, Pendulum, _ Pendulum, 
Ballast Pendulum, Pendulum, 24 ft. 54 in. if 24 ft. 5} in. if 24 ft. 54 in 
39 ft. long. 39 ft. long. “ Pendulum.” long. long. 
| 
In In In. In. In. 
First shift, P. to S 2-95 § 2-380 8. 1-82 § 1-85 § 1-76 S$ 
Second shift, P. to 8 5-87 8 5-65 8. 3-60 8 3-68 8. 3-55 8. 
Third shift, ballast restored 0 0 0 0 0 
Fourth shift, 8. to P 2-88 P 3-00 P. | 1-85 P. 1-81 P. 1-88 P. 
Fifth shift, 8. to P 5-76 P 5-95 P 3-70 P 3-62 P 3-73 P 
Mean for One shift 2-915 2-873 1-816 | 1-827 1-803 
J Eee 
instrument and reflector were switched off. The| ment at the time readings are given in Table II, 


reflection was very bright and sharp. 

Fig. 6, herewith, shows the arrangement of the 
instrument in the ship. Table I gives the comparative 
readings on pendulums and instrument. It will be! 


opposite. These observations were not synchronised. 
This first test showed that the instrument would 

function as a very much longer * pendulum ” and on 

the next test, accordingly, the length was increased 























APRIL 12, 1940. 


ENGINEERING. 





401 











AUTOMATIC CENTRE PUNCH. 


















MESSRS. JAMES NEILL AND COMPANY (SHEFFIELD), LIMITED. 
ao d . 
CC ——— = —=—— 








lo mat lth die 
7245) 

by 50 per cent., the virtual length of pendulum being 
37 ft. 3in. The test was carried out during the inclining 
experiment on a large oil tanker, particulars of the 
experiment being given below. 

The inclining ballast was arranged in four groups 
on the upper deck forward. Weather, calm and dull, 
with light rain. Ship moored N. to S. Two ordinary 
pendulums were used, each 35 ft. long, the forward 
one in No. 1 centre cargo tank and the after one in 
No. 8 centre cargo tank. They were arranged in the 
usual way with the bob immersed in a trough of oil 
to damp the swing and were suspended at points 
about 37 ft. above the keel. The heel indicator was 





TABLE II. 
— 
Forward Observed 
Forward | Pendulum, at 
Ballast. Pendulum. | if 24 ft. 54 in. | Instru- 
long. | ment. 
In. In. In. 
First shift 0-80 0-502 | 0-40 
Second shift 0-30 | 0-502 | 0-40 
Third shift oe] 1-10 0-690 0-60 
Fourth shift . oot 0-65 0-410 0-25-0-10 
Fifth shift | 0-15 0-095 | 0-10-0-05 





set up over No. 4 port wing cargo tank hatch on upper 
deck, this hatch being about 3 ft. forward of the bridge 
front. A canvas screen was arranged over the hatch 
to screen the instrument from weather and direct light. 
Two 6-in. by 3-in. wood supports for the instrument 
were bolted to small angle lugs tack-welded to the hatch 
coaming, with a space of 13 in, between the supports 
transversely. The hatch was about 20 ft. to the port 
side of the centre line. A platform of staging planks 
was supported on the tie beams to the middle stringer 
about 18 ft. below the instrument and about 18 ft. 
above the keel, the tank being about 36 ft. deep. The 
reflector base board and oil reflector were placed on 
this staging and the instrument mounted on the 
supports above. The experiment took place at midday, 
and there was some diffused daylight reflected from the 
bridge front. A lamp in the hold, below the staging, 
remained switched on throughout the experiment. The 
instrument gave no trouble and the deflections were 
easily read, the shadow on the screen being sufficiently 
defined to read to 0-01 in. on the scale. A very slight 
diffusion was occasionally discernible at the middle of 
the swing as the shadow passed across the scale, but 
this disappeared at each end of the swing. This 
diffusion was only noticeable when the amplitude of 
swing was more than about } in. The result obtained 
on the instrument was again almost an exact mean of 
those on the two ordinary pendulums. 

The next opportunity of testing the instrument was 
on the inclining experiment on a small vessel of about 
1,000 tons displacement. The virtual length of ‘“ pen- 
dulum ” was 12 ft. 7} in., the screen being 6 ft. 3} in. 
above the oil reflector. The height of the space in 
which the instrument was installed was about 7 ft. 6 in. 
The heel indicator was supported on two 6-in. by 3-in. 
wood brackets attached to uprights of the same scant- 
ling wedged in position. Owing to the restricted head- 
room, the hood with inclined mirror was fitted to the 
top of the screen box on this occasion. It was not found 
necessary to switch off or screen any lights near the 
instrument, the reflected image giving ample illumina- 
tion of the scale. Very satisfactory results were 
obtained, the readings on the instrument being in 
close agreement with those on two ordinary pendulums. 

As a result of the experience gained in test No. 2, 
it was considered that the instrument would function 
under the same conditions as a 50-ft. pendulum. It 
was accordingly arranged to test this. The virtual 
length of pendulum as actually arranged on the ship 
was 54 ft. 10} in., the screen being 27 ft. 5} in. above 
the oil reflector. This test was carried out on another 
large oil tanker. The staging for the oil reflector was 
placed on the tie beams to the lower stringer about 
27 ft. below the instrument and about 11 ft. above the 
keel, the tank being about 38 ft. deep. The weather 
was fine with fresh N.W. wind, and the experiment 
took place in daylight. The maximum deflection 
measured on the instrument was 5-35 in., compared 
with 3-55 in. on an ordinary pendulum 36 ft. long. 
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rather steadier than the normal pendulum, and from 
the tests so far carried out the impression is gained 
that this is the case. An effort was made to obtain 
evidence of this by noting the amplitude of swing on 
the instrument and on one of the pendulums at the 
time of taking readings, but it was not possible to 
synchronise these observations. The instrument has 
functioned perfectly throughout the tests. It was set 
up and adjusted in about ten minutes before the com- 
mencement of each experiment and the readings were 
taken quickly and without elaborate care by taking 
the mean of a few oscillations. No special arrange- 
ments were made at the ship beyond those mentioned 
in the paper, and the tests were carried out generally 
under ordinary shipyard conditions. 

Appendix 1.—The obvious choice for a fluid reflector 
would be mercury. It was thought, however, that 
mercury would not be ideal in some other respects, and 
no experiments were made. Water and oil are obviously 


with these and with glass, which appears to reflect 
about the same amount of light. This was roughly 
estimated at from 5 per cent. to 10 per cent. of the 
light projected on to its surface, Oil appeared to be 
slightly better than water as a reflector, possibly 
because its surface is less liable to be flawed by minute 
particles of dust and dirt. Oil has the further advantage 
of being less affected by draughts and vibration, and is 
better damped considered as a “ pendulum,” while 
some control can be exercised over the degree of 
damping by the choice of an oil of suitable viscosity. 
Oil has been used as the reflecting fluid throughout 
the experiments on board ship. 

It was desired to make the fluid reflector as small as 
possible. It was found by experiment that there was 
no flat reflecting surface in a container less than about 
1 in. in diameter, i.e., due to surface tension, the surface 
is concave for about } in. in from the edges. The 
method of projecting the light beam by means of a 
lens requires a minimum flat reflecting surface of half 
the diameter of the lens, otherwise the restriction in 
flat reflecting surface has the effect of stopping down 
the lens. A further margin is required in order to get 
a reasonable length on the reading edge of the shadow, 
and to allow for some slight error in the adjustment of 
the light beam. The actual container used is 2} in. 
in diameter, and the flat reflecting surface is therefore 
about 1} in. in diameter, which gives about } in. 
margin on the minimum size of container necessary for 
the lens used. The lens being virtually stopped down 
slotwise along the fore and aft axis of the instrument, 
the traverse width of the container could, in theory, 
be reduced. This was not done as it was felt that there 
was some risk of slight disturbances at the edge of the 
container due to the motion of the ship being trans- 
mitted to thefreflecting surface. 

Some experiments were made with fluid reflectors 
to determine the period of oscillation and degree of 
damping. The fluid reflector was placed under the 
instrument 3 ft. 9 in. below the screen, giving a virtual 
length of pendulum of 7 ft. 6 in. The container was 
tilted about 5 deg. and then dropped, and the period 
of oscillation and time of damping noted. The figures 
are given in Table III, herewith. The times are 











TABLE III. 
ae “| PE: 
| Time of 
Period of 
Damping 
Reflector. | Single 
Oscillation. | —roe 
| 
1 | Water } in. deep in 2 in. Seconds. Seconds. 
diameter container ee 5-7 
2 Water 2 in. deep in 2} in. 
diameter container os 45-60 
3 Oil (light lubricating) § in. | 
deep in 2} in. diameter | 
container .. my * 2+ 24 
4 Oil (heavy lubricating) } in. 
deep in 2? in. diameter 
container .. 5 a 5+0 15 











approximate. Oil reflector (3) made two oscillations 
only before coming to rest, one of about 2 seconds and 
one of about } second. Oil reflector (4) made one 
movement only of about 15 seconds before coming to 





It was expected that the oil reflector would prove 





not ideal as reflectors, but some experiments were made | 


The instrument can also be designed.as a combined 


| heel and trim indicator, the screen being square, and 
| the image projected being a right-angled triangle with 
one side parallel with the fore and aft axis of the 
instrument and one side parallel with the transverse 
axis. 
| Appendix II.—The ideal position at which to 
| suspend a pendulum would be at the centre of oscillation 
of the ship. This is usually assumed to be at or near 
| the centre of gravity of the ship. In a paper by the 
| late Sir Arthur W. Johns, contributed to the Institution 
in 1909, which dealt with the rolling of ships in still 
| water, the conclusion was reached that in a ship fitted 
| with bilge keels, the mean centre of oscillation would 
| be somewhat below the centre of gravity, and that the 
| actual centre of oscillation would change during the 
| course of a roll and would follow a quatrefoil looped 
| path. The example considered was a warship in which 
the centre of gravity was near the water-line. In most 
ships (as inclined) the centre of gravity is some distance 
above the water-line, and it appears probable that the 
mean centre of oscillation will be considerably below the 
| centre ‘of gravity. 
THE ‘*ECLIPSE’’ AUTOMATIC 
CENTRE PUNCH. 








THE term “ automatic ” as applied to the “ Eclipse ” 
No. 1 centre punch shown in the accompanying illustra- 
| tion implies, of course, that the blow on the point neces- 
sary to make a mark is delivered by the internal mech- 
anism of the tool instead of by a hammer, as must be 
employed with the ordinary solid centre punch. In con- 
sequence, the “ Eclipse’? punch can be manipulated by 
one hand, being guided towards the point for centring 
between the thumb and second and third fingers, while 
the index finger steadies it and assists in applying the 
requisite pressure to release the striking mechanism. 
Referring to the illustration, the punch consists of a 
knurled barrel a, with a rotatable cap 6b and a nose c. 
A screw, rotated by the cap, passes through a nut d, 
which bears on a strong helical compression spring. 
The other end of the spring bears on a hammer e, which 
contains an eccentric stop f. The nose houses the 
| marking point, which is surrounded by a light compres- 
| sion spring to take up end play. As illustrated, no 
| pressure is being applied to the punch, but when it is, 

it will be clear that the point and hammer move up- 

wards together, so compressing the hammer spring. The 
| resulting movement, by a device not readily shown in 
a drawing, centralises, at the end of the stroke, the 
eccentric stop and the tail of the point passes into the 
hammer, which, moving forwards under the released 
compression of the spring, then strikes a sharp blow 
on a collar on the point. 

A very useful feature of the punch is that the force 
of the blow is adjustable and a wide range of size of 
impressions is obtainable. Thus, with a heavy blow 
an impression suitable for locating a drill point can be 
made while, with a light blow, one just discernible is 
formed, this latter type of impression being necessary 
for the marking-out of tools or dies, an operation 
requiring great accuracy of outline. The force is 
varied by turning the cap 6, with the result that the 
initial compression of the spring is increased or decreased 
according to the direction in which the cap is turned 
by the fingers. A second desirable feature is that the 
point can readily be replaced when worn after unscrew- 
ing the nose, no tools being required. The point, 
however, can be used for a considerable time, since it 
is made of crucible tool steel specially hardened and 
tempered for durability. The other working parts are 
also of hardened and tempered steel. The mech- 
anism is wholly enclosed and the barrel is filled with 
a special grease, so that smooth working is ensured. 
The punch, which is just over 44 in. long overall, is 
provided with a clip similar to that of a fountain pen. 
| This fitting enables the punch to be carried in the 
| pocket and prevents it from rolling when laid down. 
A Rexine wallet is also provided. As the term 
“ Eclipse ” implies, the automatic punch is made by 
Messrs. James Neill and Company (Sheffield), Limited, 
Composite Steel Works, Napier-street, Sheffield, 11. 











MorToR-CAR PRODUCTION IN THE UNITED STaTES.— 
Statistics show that during the week ending March 16 
last, 105,720 motor cars were built in the United States, 
compared with 103,560 in the previous week and 86,725 
in the corresponding week of 1939. 








| SocreTy or CHEMICAL INDUSTRY.—The annual general 
| meeting of the Society of Chemical Industry will be held 
|in London in the morning of Tuesday, July 9, for the 
| purpose of transacting statutory business. Further details 

respecting the time and place of the meeting will be 


rest. | announced in due course. 
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LIFTING AND HAULING APPLIANCES. 


517,130. Winch. O. D. North, of Hunton Bridge, 
P. G. Hugh, of Watford, and Scammell Lorries, Limited, 
of Watford. (4 Figs.) July 19, 1938.—The invention is 
& power-operated winch for haulage purposes, mounted 
One object is to provide means to 
maintain a fairly uniform load upon the cable for the 
various stages of winding. The winch drum is operated 
by an internal-combustion engine and is supported by a 
frame mounted upon a motor vehicle in such a manner 
that the frame move to a limited and controllable 
extent. The frame consists of two parallel plates fixed 
corner to a vertical channel section cross bar 4, 
of the 
winch 


on a motor vehicle 


may 


at one 
member 6 
oscillation of the 
a suitable distance from 
is paid out or hauled in 


to a main frame 
vehicle. The axis of 


motor vehicle is at 


pivotally secured 
motor 
frame on the 


the line along which the cable 








so that the tension in the cable 
utilised to cause the and the winch drum to 
about its mounting pivot to a limited and control- 
From pivotal point 5 upon 
the + link 8 extends to the short end of a control 
lever ¥ journalled at 10, the other end of which lever is 
a pin to the bifurcated head lla of a rod 11}. 
on the red it and a guide 13 
is & compression spring 14 
effective movement of the lever. The 
is connected by a short link to a 
further 17 of a system of levers having a high 
mechanical advantage, which are, turn, connected 
by a link to the throttle for controlling the power 
output of the driving motor. Upon the tension on the 
eable during winding exceeding a predetermined limit 
some or all of the driving effort of the power unit is cut 
off and excessive strain avoided. Rollers 32 are 
wrranged at intervals around the winch drum and are 
supported on hinged arms 33 controlled by strong tension 
springs to press the rollers firmly against the periphery 
of the cable as it is wound upon the drum. These tension 
springs are anchored at their inner ends to a bracket 
earried by the side frame and at their outer ends to levers 
fixed to spindles fixed to the frame. As the quantity of 
cable on the drum increases, the rollers engaging with the 
cable will be pressed outwards against the controlling 
springs, turning the arms 33 a >ont their pivots, and when 
the will move inwards, turning 
the The movement of 
these the power of the 
1940.) 


by the winch drum, may 


tne frame 
move 
lable 


extent a convenient 


frame, : 


connected by 
Ket ween abutment 
to the 
which limite the 


end of the 


an 
tixed vehicle frame 
free lever 
lever 
in 


18, 


is 


decreases they 
the direction. 
33 to control 


amount 
reverse 
utilised 
(Accepted January 


arms in 
artns is 


unit. 22 
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MACHINE AND OTHER TOOLS, SHAFTING, 
ETC. 


517,176. Pull-Down Broaching Machine. Alfred 
Herbert, Limited, and L. J. Hugo, of Coventry. (7 Figs.) 
July 21, 1938.---The invention is a pull-down broaching 
machine in which the cost of manufacture is reduced and 
the operation of the machine ie simplified. A rod 11 
is reciprocated by a hydraulic ram and is bolted to an 
upper crosshead 12 which, in turn, is bolted at its ends 
to parallel bars 13 the lower ends of which are rigidly 
lower crosshead 14 These bars 


juterconnected by a 


| tool can rest. 


obtained at the Patent | 


of the acceptance of a)| 


: cooling 


ING. 


_ENGINEER 


' 
slide in bushes in the work table. The machine shown 
earries two broaching tools 18. The lower holder 20 is 
built-up and has through bores, in each of which is an 
adjustable projection on to which the associated broaching | 
On the bars 13 slides a cross-piece 25 
carrying a holder for the upper ends of the broaching | 
tools. This cross-piece (Fig. 2) receives the upper ends | 
of the broaching tools, and recesses 26 in the latter are | 
engaged by spring-loaded latches 27. Fast with this | 
cross-piece is a tubular guide 30 telescopically mounted | 


| rearward of the engine. 


APRIL 1 ‘12, _ 1940. 


whence it can be exhausted 
For this purpose a discharge 
fan 23 is mounted at the rear opening 24 of the cowling. 
the fan being driven by a belt from the engine crankshaft. 


upper part of the engine, 


| The cowling is arranged so that the whole of the cylinder 


block and the upper part of the crankcase are cooled 
by the air drawn through the radiator. Instead of the 
radiator being at the side it may be arranged at the 
| top of the engine, particularly when the latter has its 
cylinders disposed substantially horizontally. (Accepted 


| Januury 25, 1940.) 


Fig.1. 
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upon a cylinder of a hydraulic mechanism which is rigidly 
secured at its lower end in the lower crosshead 14. The 
piston of this hydraulic mechanism has a piston rod 
carrying a collar 35 which co-acts with the croas-piece 25. 
When the broaching tools have been released from the | 
lower holder and raised as shown to allow a fresh blank 
to be inserted in the table, the piston of the hydraulic 
mechanism draws the broaching tools down into the 
lower holder in which they are locked in readiness for 
the broaching operation. When the crosspiece 
approaches the work table, cams 43 on the support 
for the table pase through holes 44 in the upper holder 
and knock the latches 27 clear of the recesses 26 in the 
upper ends of the broaching tools, thus freeing the upper 
ends of the latter. Thereafter, the lower holder draws 
the broaching tools completely through the work, the 
hydraulic mechanism taking up the lost motion between 
the cross-plece 25 and the lower crosshead 14, ( Accepted 
January 23,1940.) 
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MOTOR ROAD VEHICLES. 


517,280. Cooling Internal-Combustion Engines. Alvis 
Limited, of Coventry, and W. M. Dunn, of Coventry. 
(3 Figs.) July 15, 1938.—The object. of the invention is 
to arrange the liquid-cooled internal-combustion engine 
motor-vehicle in a satisfactory manner, 
for the adequate cooling of the engine. 
is water-cooled and is mounted to one | 


of a military 
and to provide 
The engine 11 


Fig.1. 
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side of the longitudinal centre line of the chassis and | 
towards the back axle. The clutch 15 and gearbox | 
are rigidly bolted to the engine, extending forwards, | 
the crankshaft axis being more or less longitudinal of 
the chassis. Instead of the radiator 18 being disposed at 
one end of the engine, it is mounted at the side in a more 
or lees vertical plane extending longitudinally of the 
vehicle. Cooling air for the radiator is taken in from 
the side of the vehicle through a grille 19 and the radiator 
and engine are cowled as indicated at 21, to cause the 
air to flow through the radiator and on to the 


| superstructure. The 
| braced structures 12 facing forward like an arrowhead. 
| Their rear edges are cross-braced giving a rigid triangular 


|and struts having a 


| it 


open, 


' and the cup feed. 


SHIPS AND NAUTICAL APPLIANCES. 


516 510. Floating Target. H. Scott-Paine, of Hythe. 
(3 Figs.) April 22, 1938.—The invention is a floating 
target construction which gives a maximum aerodynamic 
stability with a minimum resistance to motion. The 
target consists of an open framework superstructure 


| mounted on a raft 5, provided with two underwater plap- 


ing surfaces 6 and 7, separated by a transverse step & 
to oppose the tipping moment of the air forces on the 
superstructure consists of two 


The structure is built up of light booms * 
streamlined cross section. The 


construction. 


detachable 
folded up 


superstructure is made in sections readily 
from one another, and the target can be 
sectionally. These sections are of small dimensions 
and when damaged can easily be replaced. To render 
it more visible a number of light streamlined vanes 17 
are pivoted at their forward edges on the structure so 
that they can adjust themselves freely according to the 
direction of the wind. Cloth streamers are also attached 
at their forward ends to the superstructure so that when 
the target is in motion, their movement is easily discern- 
ible. In larger targets the sections are mounted on a 
light hull and are shaped to the outline of a ship. 
(Accepted January 3, 1940.) 


MISCELLANEOUS. 


Ice-Cream Packing Machine. T. Wall and 


516,578. 


| Sons, Limited, of London, and G. A. Stonestreet, of London. 


1938.—-The machine is designed to 
with a continuous freezer and 
reduces the mechanical working of the ice cream to a 
minimum, thus improving its texture. The cups are 
separated from a stack on to a reciprocating conveyor 6, 
which carries them one at a time to the filling station. 
After the cups have been filled, they are then conveyed 
to the capping station, where waxed cover discs are 
separated from a stack and inserted into the mouths of 
the cups. The ice cream is fed to the machine from a 


(5 Figs.) June 28, 
operate in conjunction 
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continuous freezer through a pipe 11, which has at its 
mouth a cut-off valve consisting of two sliding blades 12. 


|The blades are synchronised with the cup-separating 


mechanism by a cam 14 carried on the shaft 15 of the 
separator mechanism. The cam 14 drives a roller 17 
on the rod 18, which is guided horizontally by its 
forked end engaging the shaft 15. At its front end 
the rod 18 carries an upstanding stop 20, which, as 
the rod moves to the left, engages a lever 21 and swings 
over, and with it the right-hand blade 12. The 
lever 21 is connected by a cross link to a second 
lever 24, which is connected to the left-hand blade and 
moves in the opposite direction. While the valve is 
ice-cream is fed through the pipe 11 and as the 
stop 20 moves to the right the valve is closed by a spring 


|and cuts off the length of cream which falls into the 


cup beneath. The amount of cream fed to each cup is 
adjusted by varying the speed of the driving motor 
without varying the rate of feed from the freezer and 
without disturbing the synchronism between the valve 
( Accepted January 5, 1940.) 





